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PREFACE 


HIS work in no wise pretends to be a text-book. 

Even the most elementary of existing engineering 
text-books naturally presuppose some knowledge of the 
laws of nature which rule the subject, being written for 
students whose education is generally fairly well ad- 
vanced. 

Very young students, such as the cadets at Osborne, 
in the large majority of cases know little or nothing at 
the commencement of the course either of physics or of 
mechanics, and their powers of observation have not yet 
developed, so that, without preparation, they would be 
utterly unable to grasp the meaning of such text-books. 

By the time the student has thoroughly assimilated 
the contents of this book, he should be able to read a 
real text-book with understanding. 


H. W. METCALFE 
ENGINEER COMMANDER 


RoyaAL NAVAL COLLEGE, OSBORNE 
August 3, 1904 
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CHALLE Rl 
ENGINEERING SKETCHING 


N order to be able to understand the sketches made 
to illustrate engineering work, it is necessary first 
to thoroughly grasp the idea on which these sketches 
are made—what is meant by an “elevation,” a ‘‘ plan,” 
and a ‘“‘section,” and how two parts of a piece of 
machinery which are touching each other are shown in 
a sketch in section ; also what is meant by the dotted 
lines which one sees in engineering sketches, and what 
“shading ” is. 
In ordinary or “perspective” sketching, one draws 
an object exactly as one sees it from any one fixed point. 


FIG. I FIG. 2 


Suppose we are looking at a square box, set on its 
side and with the lid removed, the eye being at the level 
of the middle of the box, as in Fig. 1. 

Then if we drew what we saw, it would appear like 
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In engineering sketching, however, we take no notice 
of perspective. We would be supposed to be looking 
straight at each part of the box as we drew it. We 
would draw the top of the box as seen from A in 
Fig. 3, and the bottom as seen from B, and in the same 
way for the sides. 

Then our sketch would be as shown in Fig. 4. 


FIG. 3 FIG. 4 


An “elevation” of an object is a horizontal view—that 
is, from the side or end—as seen in this way. 

So an engineering sketch of an ordinary wine bottle 
on a square stand would, in elevation, be as shown in 
Fig. 5. 

A “section” is a view of the object as it would 
appear, from the engineering point of view, if it were 
cut fairly and truly in two, and the part between the 
eye and the plane of section removed. A section of 
a round object is always taken through the middle, so 
a “sectional elevation” of our bottle would be as shown 
in Fig. 54. To show where the object is in section, 
that is, which are the cut faces one would see, these 
faces are “sectioned” as shown, by drawing a number 
of parallel straight lines diagonally across them. Where 
there are two pieces separate from but touching each 
other (the bottle and the stand in this case), these 
parallel straight lines are sloped in different ways in the 
two pieces to distinguish between them. 
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A “plan” is an engineering view of the object look- 
ing down from above. So the plan of our bottle on its 
stand would be as shown in Fig. 6. By comparing this 
plan with the elevation, we see that the smallest ring 


> 


SSE SSS 
mes, FIG. 6 FIG. 5A FIG, 6A 


represents the inside of the neck, the next ring repre- 
sents the outside edge of the neck, the next is the collar 
round the neck, and the outside ring of all is the outside 
of the bottle. Naturally the square outside the rings is 
the top of the square stand. 

As a ‘sectional elevation” is a view of a section as 
seen horizontally, the object being cut through in the 
vertical plane, so a “sectional plan” is a view of a 
section cut horizontally through the object, and seen 
from above, that is, vertically. It is usual to draw a 
line across a plan at the point where the object is 


a3 


supposed to be cut in two to show the ‘sectional eleva- 
tion,” or across the elevation to show where the 
‘sectional plan” is made. 
The ‘sectional plan” of the bottle, then, at the line 
A—A in Fig. 5 would be as shown in Fig, 6a. 
Very often, when the two sides of a thing are exactly 
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alike, the elevation and the sectional elevation are com- 
bined in the one sketch, a ‘‘centre line” being drawn 
to show where the two parts of the sketch join. 

The sketch would then be called an ‘elevation, half 
in section” or a “half-sectional elevation,’ and would 
be as shown in Fig. 7, the right- 
hand side being shown in section 
and the left in elevation. 

Exactly the same is done in 
the case of a plan. The sketch 
would then be called a “plan, 
half in section” or a ‘“half- 
sectional plan,” and would be as 


eT shown in Fig. 8. 
ee ee Now let us make our sketch 
a littke more complicated. Let 
us suppose a cork in the neck of the bottle, and a 
tube through this cork, reaching nearly to the bottom 
of the bottle and open at both 
ends. Suppose the bottle still to 
be on its stand. Then the eleva- 
tion would be as shown in Fig. 9, 
and the sectional elevation in 
Fig. 10. 7 
Now in a case like this, where 
the sides of the object are thin 
and their thickness does not matter, 


as the “sectioning” would take 

time and be of little or no use, 

the sectioned parts would in a rough sketch like this 

be shown by one thick line instead of by two thin 

ones with the space between them ‘‘sectioned,” as in 
a 


FIG. 9 
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Fig. 10. The parts which are visible but not in section 
would be shown by thin lines, as in the case of the ends 
of the tube. The cork and 
the stand, being thick, would 
Det sectioned? “Such a 
sectional elevation is shown 
Ele teins 1 

Where it is necessary to 
show on a sketch what there 
ise benind, then ‘the. parts 
hidden by what we actually 


see are shown by dotted 
¢ WLLL 


CLA 


lines. So in this case o 
the bottle, cork, tube, and oa Oa: 

stand, if it were necessary to show on the elevation 
where the tube ended and how far the cork extended, 
this would be done by means of dotted lines, as shown 
in Fig. 12. It will be noticed that 


FIG. the “arrows” are intended to show 


what particular sketch or part of a 
sketch is referred to. This is the 
co usual plan in engineering sketching. 

In a sketch where it is not re- 
quired to show the whole of any- 


thing as being unnecessary for the 


FIG. 15 


proper understanding of the sketch, 
it is usual to “ break off” that part 
where it becomes unnecessary, the 
“broken” part being sectioned. 
This is shown in Fig. 13, which 
represents a piece of thick round tube. A flat bar would 


FIG. 16 


be as shown in Fig. 14. 
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When it is necessary to show that a thing is of round 
section—say a round ruler—it is usual to ‘‘shade” it as 
shown in Fig. 15, the “shading” being darker on the 
lower side than on the upper, and on the right-hand side 
than on the left, as the light is supposed to be coming 
from the upper left-hand corner of the object. The idea 
of this is that when we are writing or drawing with our 
right hand, we get the best light on our work if the light 
comes from this point, as our hand never gets ‘“‘in the 
light,” as it would do were the light coming from any 
other direction. 

This idea is also shown in Fig. 16, which is a “‘shaded” 
sketch of a round ball. 


THE USE OF SQUARED PAPER IN ROUGH SKETCHING 


Throughout this book the sketches used for the illus- 
tration of the text are what are known as “rough” or 
“hand” sketches, being intended to convey the desired 
meaning in the quickest and easiest possible way. 

They are called rough or hand sketches because the 
curves, rounded corners, small circles, section lines, and 
such like are put in by hand instead of with instruments, 
as being quicker. In “finished” drawings, such as are 
used to work from in the workshops, this rough-and- 
ready method would not be good enough, as it is necessary 
that every part of the drawing be accurately to scale, 
that is, if the length of any straight line which is to be, 
say, one inch in the finished article, be represented in the 
drawing by a given length, say one inch or half an inch 
or a quarter of an inch, then every other distance of one 
inch in the finished article must be represented by this 


same distance in the part of the drawing showing it. 
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For example, an elevation of our box in Pigs 4: 
Suppose the box to be 4in. high and 8in. wide. 
Then, in the finished drawing, the two horizontal straight 
lines representing the bottom of the box must be 
4in. apart if we decide to make the drawing “ full 
Se mmOuUR2 i teapartaut, alt size, orer in. apart: ifa 
quarter size, and so on. At the same time, the two 
vertical straight lines representing the sides of the box 
must be 8 in. apart in the first case, 4 in. in the second, 
and 2 in. in the third. 

Again, if the scale decided on be, say, 1 in. equals 
1 ft, then this view of our box will be represented 
by two horizontal straight lines, ;4,i1n. apart, joined at 
the ends by two vertical straight lines 58, in. apart. 

This would need accurate measurement, which takes 
a considerable time. In our rough-and-ready sketching, 
we desire to keep the proportions of the various parts 
fairly accurate, so as to convey a correct impression of 
the object; but we do not require absolute accuracy, 
and we wish to get through the work as rapidly as 
possible. 

In addition to this general correctness of proportion, 
it is desirable, in order to make the sketch readily 
understandable, that horizontal lines in the object be 
represented by horizontal lines—or lines across the 
paper in our sketch—and vertical lines by vertical lines, 
or up and down the paper. This necessitates the use 
of a square, if the sketch be made on plain paper, as 
without a square it is very difficult to draw the lines 
correctly and parallel to each other. The use of the 
square also takes time. 

In writing on a large sheet of plain paper, it is a 
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somewhat difficult job to prevent our lines from 
straying out of the positions we would wish them to 
take. . 

The use of ruled paper, be the lines ever so faint, 
entirely gets over this difficulty, as we write along the 
lines and they keep themselves straight and parallel and 
square to the paper. 

In our rough sketching, we will go a little further 
than this. Instead of only having lines across the 
paper, we have them along it as well, thus dividing 
the paper into small squares. The one set of lines 
will keep our horizontal lines correct, while the other 
will do the same for our vertical lines. Also, these lines 
will enable us to keep our proportions fairly correct 
without any trouble of measuring. 

To further assist us in this matter, we have, say, 
every tenth line considerably thicker than the others, 
and we use these thicker lines as the centre lines 
(Figs. 7 and 8) from which to work in the making of 
the sketch. 

When drawing a straight line, even if we already 
have a straight line on the paper, it is easier to use 
a ruler than to follow the line, if this line be of any 
considerable length, with our pen or pencil, so when- 
ever convenient, we use aruler. Also, the drawing by 
hand of a circle which we can recognise as a circle is 
very difficult, and even if we are fairly successful, takes 
much time if the circle be of any size. Yet with a 
pair of compasses, we can draw a perfect circle in a 
moment, so, whenever convenient and we have a pair 
handy, we use compasses. Otherwise we do the best 
we can by hand. 
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A sketch such as the majority of us would make, 
would, if on plain paper, be something like [Mien ye 
while if done on squared paper, and using a ruler and 
a pair of compasses, it would be like Fig. 18—a much 
better result, and probably taking considerably less time. 
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HEWN first Man desired to move across the face 

of the waters, he chose himself a log of wood 
whereon he sat, and by means of another piece of wood, 
used as a paddle, first on one side and then on the other, 
he propelled himself slowly along. As he grew more 
ambitious, he hollowed out his log by means of fire and 
so made himself a canoe, which he still propelled by 
means of his paddle. 

Gradually his canoe became a boat, built up out of 
planks, as he could not always find suitable logs; but 
still he used his paddle wherewith to propel his boat. 

Presently he thought to himself—‘ My one hand does 
most of the work, while my other merely serves to 
transmit this work, through my body, to the boat, and 
so force her along. Why not make the boat do her 
share of the work, and so take the strain off one of 
my hands ?” 

So he made the boat do her share of the work by 
letting his paddle—which now became an oar—press 
against a pin in the boat's side at the point where his 
second hand had grasped it. He found this easier work, 
but it was troublesome work changing his oar from side 
to side, in order to keep the boat straight, so he then 


used two oars, one on either side of the boat, when the 
igo) 
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boat went faster and the work tired him less. Still his 
ambition grew, and his small boat became a ship, with a 
number of oars on either side, each worked by one or 
more men. As the ship became larger there was not 
sufficient room to work enough oars all on the gunwale, 
and so the ‘‘ Trireme,” with its three tiers of oars, one 
above the other, followed. 

All this time he had been using the force of the wind 
also to help him along, when it was blowing in a favour- 
able direction. The leafy branch of a tree, which at 
first was good enough to catch the wind and help the 
boat along, soon gave place to a sail which was much 
better, being lighter and catching more wind. Gradually 
the sail was improved until, by its aid, ‘the ship was 
enabled to travel, not only in the direction in which the 
wind was blowing, but also in other directions. When 
there was no wind the oars had to be used, but it was 
found that the number of men required to work these 
oars could not be carried in the ship, and so the oars 
had to be abandoned, except in very small vessels. 

In large craft, when the wind failed—well, the ship 
stopped and waited until the wind got up again, when 
she proceeded with her voyage. 

Then the steam engine was invented, and this seemed 
to be just the thing wanted to take the place of the men 
for propelling the ship when there was no wind, and 
so the sails were useless. Oars, however, were not 
suitable as the means of using the power of the steam 
engine to propel the ship, so the paddle wheel was 
invented. At first this took the form of two spars fixed 
across each other, with a paddle blade or *‘float”’ at the 
ends of the spars. One of these was mounted at each 
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end of a “shaft” set across the ship at a little height 
above the water, so that the paddle floats dipped into 
the water as the “wheels”. turned round, and so the 
ship was sent along by the floats forcing against the 
water, and became entirely independent of the wind. 

Gradually more arms, or spokes, were added to the 
wheels, each carrying its paddle float; the ends of the 
arms were connected, and the paddle wheel became a 
true wheel, with a number of “floats” fixed round its 
rim. 

This arrangement gave excellent results, and is still 
used in many steam ships, such as those running across 
the Channel, which do not have to make long voyages. 

For ocean-going steamers having long voyages to 
make it was soon found that paddle wheels had many 
serious defects. Where they were used in ships to assist 
the sails in their work, when the ship “lay over” through 
the pressure of the wind on the sails, the paddle wheel 
on the “weather,” or higher side, was lifted so high out 
of the water that the floats no longer caught it, while 
that. on the “lee,” or lower side, was so deeply sunken 
that the floats, instead of striking the water in such a 
way as to force the ship along, came down flat on the 
top of it, making a great splash, but doing very little 
useful driving. Also, at the commencement of a voyage 
the ship would be deep in the water, on account of the 
large amount of coal she carried to make steam for her 
engines during the voyage, and so her paddles were 
sunk too deeply in the water to give really good results. 

By the time she neared the end of her voyage she 
would have burnt most of her coal, and so lightened 
herself that she would be floating too high in the water 
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to enable her paddles to get a good grip. Beside these 
defects, the paddle wheels were easily damaged by 
striking floating wreckage. In a warship they were 
also liable to damage by the shot and shell of the 
enemy. The paddle shaft necessarily being at some 
height above the water, parts of the engines were also 
high up and unprotected. Also the large paddle boxes 
seriously interfered with the training of the guns. Con- 
sequently a better method of using the power of the 
steam engine to propel the ship than by means of the 
paddle wheels had to be devised. 

This better method was found in the “screw pro- 


peller.” 
THE SCREW PROPELLER 

When we see a ship moving through the water, forced 
along by some invisible means, we conclude that this 
is probably being done by a screw propeller, working 
silently and out of sight, hidden and protected by the 
water in which it works. 

What is this screw propeller ? 

We all know what a wedge is—a piece of wood or 
iron with flat sides, quite thin at the one end and thick 
at the other, which we use for splitting logs of wood 
and innumerable other purposes. We first make a little 
crack in the log, and into this we put the thin end of the 
wedge, then with a hammer we drive the wedge in. 
What is the result ? 

The log is split in two. The force which would have 
‘been required to pull the two parts of the log asunder 
would have been enormous, but by means of the wedge 
we were able to split the log quite easily. Again, 
suppose we wish to lift a heavy block of stone, we put 
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the thin end of the wedge under the edge of the stone 
and then drive it in, with the result that the stone is 
lifted up at the side under which the wedge is, even 
though the stone weighs a ton or more. 

In Fig. 19 we place the thin end of the wedge under 
the edge A of the stone, and on driving it “home,” this 
edge is lifted as shown in Fig. 20, the edge B still 
resting on the ground. Now suppose we put blocks of 
wood under the raised edge A, so as to support it at 
the height to which it has been lifted by the driving 


FIG. 19 FIG. 20 FIG, 21 


of the first wedge. Next, let us put the thin edge of 
another wedge under the edge B of. the stone, and 
drive it home in its turn. The second side of the stone 
is thus raised to the height of the first, as shown in 
Pigge2is 

It is evident that by the use of more blocks and more 
wedges we could raise our block of stone to any height 
we chose. 

So much for the result; but what is this action of the 
wedge which enables us to get this result ? 

We see that by its use a comparatively small force 
(the blow of a hammer) can be made to lift a very great 
weight. 

Why is this? Simply because the weight is lifted 
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gradually. Walking uphill is hard work if the hill be 
steep, but if the slope of the road be gentle it is quite 
easy work, but we take longer in getting to the top as we 
go a much greater distance than if we went up the steep 
slope. 

Where a carriage road zigzags up a steep hill, so that 
the horses can drag a heavy weight up, if we are in a 
hurry we take “short cuts,” cutting off the corners of the 
zigzag, and we get to the top first. The horses could 
not possibly have dragged their load up these, as the 
hill would have been “too steep,” though we, with only 
our own weight to take up, were able to manage it. 
Naturally, the amount of work done in getting from the 
bottom to the top was the same in each case—we only 
had to lift the weight through the same height. What 
can we conclude from this but that the steeper the slope 
the harder the work in getting up it, and that it is easier 
work getting to the top by walking up the gentle slope 
because we take the work gradually ? 

Let us try and prove this to ourselves. 

On the edge of a table let us fix an upright, as shown 
in Fig. 22, and on the top of this upright fix a pulley, 
running as freely as possible. Let us take a block of 
lead, and by means of a string passing over this pulley 
connect it to another block of exactly the same weight. 

Then this second weight will be unable to move the 
first; but on adding ever so little to it, we will see our 
first weight gradually hauled to the top of the upright, 
‘the second weight, of course, falling through exactly the 
same distance as the first has been hauled up. 

Now let us mount our first block of lead on wheels, to 
represent a truck, so that it will run perfectly easily on 
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its wheels, and instead of hauling it straight up as we did 
before, let us fix a board sloping from the table to the 
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FIG, 22 FIG. 23 


top of the upright, and let our truck run on this as in 
Pio 3. 

We find that a considerably smaller weight will now 
be sufficient to haul the truck from the level of the table 
to the top of the upright—but we see that this smalier 
weight has fallen through a considerably greater distance 
than the heavier one did before, though it has only 
hauled the truck up to exactly the same height. Of 
course this is the case, as the truck, instead of going 
straight up, has travelled up the slope, and the weight 
has fallen this same distance in hauling it up. This 
slope being the hypothenuse of a right-angled triangle, 
we know its length; for is not the square on the hypothe- 
nuse equal to the sum of the squares on the base and 
on the perpendicular? So we know how far the weight 
has fallen. We find that as the slope of the board 
becomes less and less steep, and so longer and longer, 


then the smaller and smaller does the weight required to 
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haul the truck up the slope become; but as the weight 
decreases, so the distance through which it falls in haul- 
ing up the truck increases. 

Of course there is a direct relation between the slope 
and the weight required to haul the truck up it. 

If the truck travels twice as far in going up the slope 
as if hauled straight up, then the weight required will be 
one-half, and will travel twice as far. If three times, 
the weight will be one-third, and will fall three times as 
far. If four times, one-fourth, falling four times as far, 
and so on for any steepness of slope. 

We see that this sloping board, which is called an 
“inclined plane,” is just the same thing as our wedge, 
and so we naturally conclude that the “finer” the wedge 
(that is, the less its slope), the greater the weight it can 
be made to lift with the same exercise of power. 

So much for the wedge. 

Now a screw propeller 1s merely a wedge, as ts every 
other sort of screw. 

If we were to place a ship with her stern against a 
wall, and were to put the thin end of a wedge between 
the wall and her stern and drive it home, the wedge 
would force the ship away from the wall, that is, it 
would send her ahead. 

This would not act for long, however, as we would 
very soon be at the end of our wedge, so we must 
arrange to make the wedge last longer. 

Suppose we tie a string to the thick end of the wedge 
at the side, and let us tie the other end of the string 
firmly to the bottom of a round stake driven into the 
ground so that it can be freely twisted round and round 
but cannot be dragged sideways by pulling on the string. 
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Let the side of the wedge bear against the round stake, 


as shown in Fig. 24. 


FIG. 24 FIG. 25 FIG. 26 


If we twist the stake round and round, the string will 
be wound on to it, and the wedge will be pulled 
forward. 

If we now place a weight, such as our block of stone 
in Figs, 19-21, with its edge resting on the wedge 
exactly opposite the centre of the stake, as in Fig 25, 
then when we twist the stake, and so force the wedge 
forward, naturally the weight will be lifted. 

Now the only part of the wedge which was doing 
any work in lifting the weight was just that part exactly 
opposite the centre of the stake where the weight was 
actually touching. That being the case, it matters not 
in the least where the wedge goes beyond that point, 
nor where it comes from before it reaches that point, so 
long as it is there gust when zt 7s wanted to do zts work. 

That being the case, suppose we curve the wedge 
round so as to fit the round stake. The string will pull 
the wedge round when we turn the stake exactly as it 
did before when the wedge was straight, and each part 
will come into exactly the right place to do its work at 
the moment it is wanted. 


Now why should we use the string at all? Why not 
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fix the wedge straight on to the stake? The result 
would be the same, and would be as shown in Fig 26. 

When we come to the end of the wedge we will be 
unable to lift the weight any higher, so let us use a 
block to support the weight at that height, and on the 
top of that block put another wedge. Of course the 
block will be curved round to fit the stake, as was the 
first wedge, and the second wedge will be similarly 
curved. 

By continuing to twist the stake round, the weight will 
be lifted until the top of the second wedge is reached, 
the second wedge carrying on the work where the first 
one left off. This arrangement is shown in Figs. 27 and 
28, Fig. 27 showing the two wedges and the block 
flattened out, and Fig. 28 showing them wound round 
the stake. 
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FIG. 27 FIG, 28 


From this we see that the two wedges and the block 
really form one big wedge, so let us consider this big 
wedge as being wound round the stake. 

When we wish to make a screw, this is exactly what 
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we do, but instead of the wedge we use a piece of 
paper cut in the shape of the wedge, and wind this 
round a “cylinder,” say a ruler (the round stake was a 
cylinder), as shown in Fig. 29, 
where we see the edge of the 


paper forming a true ‘“‘screw 


round the ruler. 

If with a knife we now cut 
a deep groove in the ruler 
along the line where the edge 
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of the paper is, we cut a “‘screw 
thread” on the ruler, as shown 


in Fig. 30. 

If we make a hole in a 
piece of wood so that the ruler will just slide through it 
and be a perfect fit inside it, and then drive a nail into 
the wood so that its point projects into the hole just far 
enough to “engage” in the screw thread we have cut 
on the ruler, then this piece of wood becomes a “ nut,” 
and if we hold this nut so that it cannot turn, and then 
turn the ruler round and round, it will be forced along 
through the nut; or if we prevent the ruler from turning 
and turn the nut instead, then the nut will be forced 
along the ruler, the projecting point inside the nut 
travelling up the circularly arranged wedge or inclined 


FIG. 29 FIG. 30 


plane forming the screw thread on the ruler. 

Now it is clear that if we only have one nail point 
engaging with the screw thread on the ruler, and we use 
any considerable force in preventing the nut from 
moving along the ruler when we turn it, the nail point 
will bend or break off. So instead of one nail point 
only, we use a large number of points, all arranged to 
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engage with the screw thread. Then we connect all 
these points until we have a complete spiral from end to 
end of the nut, which fits into the screw thread we have 
cut on the ruler. 

We have now made a screw thread inside the nut as 
well as on the ruler, the thread on the ruler. being 
called a “male” thread, and that in the nut a “female ” 
thread. 

Let us now fix our nut on to a board so that the 
ruler lies parallel with it, as shown in Fig. 31. 
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FIG, 31 


If we put a book on the board, pressing against the 
end of the ruler, and then turn the ruler in the direc- 
tion shown by the arrow, the book will be forced 
forward along the board. 

The distance the book is forced forward by turning 
the screw through exactly one revolution is called the 
“pitch” of the screw. This distance can conveniently 
be measured on the screw itself, being the distance 
between the leading faces of the ‘‘threads” as measured 


straight along the screw. 


This action is exactly what goes on when the screw 
propeller of a ship is made to revolve by the engines. 
Of course, we have no solid nut to drive against, 
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as We had in this case, but the water is made to serve as 
a nut. 

The mass of the water forms the body of the nut, 
while the water which has filled up the screw thread on 
the “propeller” forms the screw thread of the nut. 

As the propeller moves itself along through the water 
and so leaves the nut it had first used, new water 
is always flowing to it, or rather, it is working itself 
forward into new water to form a new nut, and so the 
action never stops, but becomes continuous. 

The first screw propeller actually was a short length 
of an ordinary screw thread. It was made of metal, 
and as the material of which the nut was formed was 
water, which is yielding and much less strong than the 
metal of the propeller, the metal of the screw thread 
was cut away until only quite a thin wall remained 

between the grooves, so that 


ttt the greatest possible quantity 


of water might be used to act 
upon the thread of the nut. 
SS s=eq_ his original form of screw 
~ mH iT. propeller then was as shown 
in Fig, 32. 


It was fixed at the end of 

a “shaft” called the “propeller 
eee shaft,” which passed through 

a hole in the stern of the ship 

and was made to revolve by the engines placed inside 
the ship. This hole was made such a good fit that 
there was no room for water to pass into the ship be- 
tween the shaft and the sides of the hole; it also served 
to support the weight of the shaft and of the propeller 


22 


Naval Engineering 


outside. The general arrangement of the stern of the 

ship, with the propeller and shaft, is shown in Fig. 37. 
It was very soon found that it was unnecessary to 

make the propeller so long, as only the very beginning 


5 
of it did any useful work, the back part merely dragging 
through the water; so it was considerably shortened, 
thus also saving space. After a time, so that the 
propeller might take still less space, a piece of the 
screw thread was taken off the shaft and fixed on 
again exactly opposite another piece of the existing 
screw thread. This made what is called a ‘ double- 
threaded screw,” and the propeller became a ‘‘ two- 
bladed propeller,’ and was as shown in Fig. 33. Then 
four blades were tried and the propeller became a 
“ four-bladed propeller,’ as shown in Fig. 34. 


FIG. 33 FIG. 34 


The screw propeller of the present day is generally 
made with either three or four blades. 

When climbing up a spiral staircase we notice that the 
‘steps are quite broad at the outside, but as they get 
nearer to the centre they become narrower and narrower, 
until they are of no use at all as stairs, and the work of 
climbing becomes very great. On the outside, the slope 
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is comparatively gentle, whereas near the centre it 
becomes more and more steep until actually at the 
centre it is no slope at all, but goes straight up. 

So with the screw propeller, which, if we come to 
think of it, is the same thing as the spiral staircase. 

The middle and outer ends of the blades do all the 
useful work, while the parts nearest the shaft scarcely 
send the ship ahead at all, but take up power in uselessly 
churning the water. So the shaft where the blades 
were attached was made much larger, and the blades 
were fixed on to this large part, thus doing away with 
the useless part of the blades. Then this large part was 
made separate from the shaft, a hole was made through 
it for the shaft to pass through, a ‘‘ key-way” was cut, 
half in the shaft and half in this part, which was called 
the ‘‘boss” of the propeller, and a ‘“‘ key” was fitted to 
prevent the propeller from turning on the shaft, so that 
the driving power of the engines should cause the pro- 
peller to revolve. 

We now had an efficient propeller which, on being 
made to revolve in one direction, would push the ship 
forward, or if in the other direction, would pull her back, 
that is, which could be made to send her ‘‘ahead” or 
astern 

Now came a point. If the propeller were sending the 
ship ahead, it would be trying to force itself along the 
shaft. To overcome this, the end of the shaft was made 
to taper toward its after-end, the boss was bored out to 
hit it, and the key-way was cut in the taper part, which 
was called the “cone” of the propeller shaft. 

Naturally, the propeller could not now force itself 
along the shaft, but when the engines went astern it 
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would pull off the cone. This was easily met by making 
the end of the shaft beyond the propeller boss parallel, 
cutting a screw thread on this parallel part, and screwing 
a nut on to it, bearing against the after-side of the 
boss. 

Fig. 35 shows an elevation, and Fig. 36 a sectional 
elevation and cross-section of an ordinary two-bladed 
screw propeller fixed on its shaft in this way. In these 
sketches the parts are— 


A Propeller shaft. D Nut. 
B_ Boss. Bie, 
C Cone. F Blades. 


FIG. 35 FIG. 36 


As has been said before, propellers are now generally 
made with either three or four blades, as these numbers 
are found to give the best results, not only in actually 
driving the ship, but in causing the least possible amount 
of shaking when at work. This shaking, called ‘“‘ vibra- 
tion,”. would not only be very uncomfortable for every- 
one on board, but would make accurate aiming with 
the guns impossible on account of the shaking of the 


sights. 
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THRUST 

We have now found a thoroughly satisfactory pro- 
peller, which, on being caused to revolve by the engines 
inside the ship, forces her forward. 

We have seen that the propeller is fixed on to a shaft 
passing through the stern-post of the ship, and that this 
shaft is made to revolve by the engines. The propeller 
is thus forcing against the shaft, and so sending the ship 
along. Now why is not the shaft forced forward in 
the ship when the propeller starts ? 

This forward force, which is called the ‘‘ thrust” of the 
propeller, is taken by a “thrust block” firmly secured to 
the framework of the ship. Against this thrust block 
the shaft pushes, and so the power is transmitted to the 
hull of the ship, and she goes ahead. 

In the first ship fitted with a screw propeller this 
thrust block was a very simple affair. On the shaft, just 
inside the ship, a large “collar” was made, and this 
“thrust collar” pushed against the thrust block, and 
so drove the ship ahead. This arrangement is shown in 
Fig. 37, which is a sectional elevation of the after-part 
of the ship. 
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Of course, it was at once found that when the engines 
went astern, to stop the ship or drive her astern, this 
thrust block and collar were of no use, so a second 
thrust block was fitted, against which the after-side of 
the thrust collar bore when going astern. Then the 
“ahead” and the “astern” thrust blocks were combined 
and made into one fitting. 

Now a troublesome little point arose. On account of 
the necessity for keeping heavy weights away from the 
ends of the ship where there was nothing much to sup- 
port them, and also because the bottom of the ship was 
too narrow near the stern for the engines to be con- 
veniently arranged there, they had to be placed some- 
where near the middle of the ship, which necessitated 
a long length of shafting between the thrust block in the 
stern of the ship and the engines in the middle. We 
know that metals expand when they are heated. If, 
then, this long piece of shafting became heated (as 
it will do at times), the expansion would be considerable, 
and the result would be that parts of the engines would 
be pushed out of position. This would be bad for the 
engines. 

To get over this difficulty, the thrust block was re- 
moved from the stern of the ship, and was fixed just 
abaft the engines, so that there should be the least 
possible length of shafting between the thrust block and 
the engines to expand and cause trouble. The expan- 
sion of the shaft abaft the thrust block merely pushed 
the propeller a little further out, which did not matter. 

Another point was scored by this bringing of the 
thrust block near the engines, namely, that it was much 
more accessible than when stowed away in the stern of 
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the ship. As the thrust block requires constant atten- 
tion, this was an important point. 

The one large thrust collar was soon found to be a 
bad arrangement. When two metal surfaces are pressed 
hard against each other and one of them moves while 
the other stops still, “friction” results. Where there is 
friction, heat is generated, and the result is that the 
surfaces wear away more and more rapidly unless some- 
thing can be used to reduce the friction and to carry 
away the heat as it is generated. To reduce the friction 
and to carry away the heat as it is generated, we “lubri- 
cate” the rubbing surfaces: that is, we run oil on to 
them in such a way that there will always be a thin film 
or layer of the oil between them, so that they shall never 
actually touch each other. 

When we walk along the street, the friction between 
the soles of our boots and the pavement makes it pos- 


sible for us to move along 


a3 es ”? 
g, as our boots “grip” the 


pavement. 

If we tread on a piece of orange-peel, what is the 
result? We come down. Why is this? Because the 
orange-peel acts as a “lubricant” between our boot-sole 
and the ground, and so does away with the friction, our 
boot-sole losing its grip. 

If we feel inclined to examine the place where we 
slipped, we find that there is a little of the orange-peel 
spread over the surface of the pavement for the whole 
of the distance through which the friction had been 
removed. A thin film of lubricant had been put be- 
tween our boot-sole and the pavement. 

Probably the result had been obtained long before the 


supply of “lubricant” was exhausted. 
28 
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In machinery we arrange to use our lubricant over 
and over again for the sake of economy. 

If we take a sharp pencil and put the point against 
our skin and then press hard on the pencil, we find that 
the point hurts ; but if we turn the pencil round and put 
the flat end instead of the point against the skin, then 
we can press much harder, but still not hurt, because 
the pressure, instead of being applied just at one point, 
is distributed over a considerable area. 

That is just the case with the thrust blocks, 

We must have considerable area over which to spread 
the pressure, else it would be so great as to force the 
lubricant from between the surfaces of the collar and the 
thrust ring, and then friction would result and the sur- 
faces would soon wear away. 

It was found that if the whole of the pressure were 
taken by one thrust collar, that collar had to be so large 
that it was impossible to lubricate all parts of the surface 
properly, and so there was too much friction and conse- 
quent wear of the parts. 

The simplest way out of the difficulty was to have a 
number of smaller collars on the shaft instead of the one 
big one, so that each collar would take a part of the 
pressure, the thrust block of course being provided with 
a corresponding number of thrust rings for these to act 
against. 

Each of these rings was now of such moderate size as 
to make satisfactory lubrication possible, and the ‘thrust 
area” was large enough to prevent the pressure on any 
part from being too intense. This arrangement is shown 
in Fig. 38. 

So now we have a satisfactory propeller, and are able 
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to use its power to force the ship forward or pull her 
back without risk of damage to any part of the 


machinery. 
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FIG. 38 


PROPELLER SHAFTING 

We have seen that the propeller outside the ship is 
made to revolve by the engines by means of a shaft 
called the propeller shaft, and so force the ship forward 
by pushing against the thrust block. 

When we take a stick by two ends and, holding one 
end firmly, twist the other end round, that twist is trans- 
mitted along the stick to the hand holding the first end 
by a force called “torsion,” and if we twist hard enough 
and the stick be not too strong, we will twist it off. 

So with the propeller shaft. We must make it strong 
enough to withstand the torsion caused by the power 
of the engines driving against the resistance of the 
propeller, else it will twist off. 

We have a long length of this shafting between the 
engines and the stern of the ship, and if it were all 
in one piece, and it were at any time necessary to 
remove it on account of repairs, one must first remove 
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the engines so as to be able to pull it back out of the 
hole through which it passes in the stern of the ship. 

Also it would be practically impossible to make such 
a long piece as would be required for a big ship all 
in one piece, and it could not well be got into place 
if it were made. 

Consequently the propeller shaft is made in a number 
of pieces called “lengths,” of convenient size, instead 
of all being in one piece. The aftermost piece, on to 
which the propeller is fixed, is called the “tail shaft,” 
and the hole in the stern of the ship through which this 
tail shaft passes is called the “stern tube,” there being 
a brass tube fitted inside the hole to carry the shaft. 

These lengths of shafting are joined together by 
means of ‘‘couplings,” called ‘‘flange couplings,” and 
“coupling bolts” to form one complete shaft. 

Fig. 39 shows a side elevation of the end of a length 
of shafting, the enlarged part through which the bolts 
pass being called the “flange.” Two of these are 
brought together and fastened by means of a number 
of bolts, sometimes four, but more often six or eight, or 
even more in large shafts. 

Figs. 40 and 41 show the complete flange coupling, 
Fig. 4o being the side, and Fig. 41 the end elevation. 
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The bolts not only hold the lengths of shaft together, 
but also serve to transmit the torsion from one length 
of shafting to the next, and so drive the propeller. 


PROPELLER SHAFT BEARINGS OR PLUMMER BLOCKS 


As all this shafting, with its couplings and bolts, is 
made of iron or steel, naturally it is heavy, and so would 
bend on account of its weight if it were supported only 
at its extreme ends. As the propeller shaft merely 
serves to transmit the power of the engines to the 
propeller, to make it revolve by means of the torsion 
of the shaft, and also to transmit the direct end-on 
thrust of the propeller, when at work, to the hull of the 
ship through the thrust block, it will be seen that there 
is no force at work which would cause the shaft to bend, 
except its own weight. 

If we take a perfectly straight stick, put one end 
on the ground, and weigh down on the other end, we 
find that it will support a great weight 
without bending; but if we start to 
bend it, we find that it will no longer 
support the weight, but will bend more 
and more until it breaks. This is as 
shown in Figs, 42 and 43. 

So with the propeller shaft. 

If once we allow it to start bending 
on account of its weight, it will soon 
give way on account of the thrust. 

So we must not allow it to start 
bending, and to this end we support 
it as necessary between its extreme ends by means of 
bearings called “ propeller shaft bearings” or “ plummer 
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blocks,” placed between the thrust block and the stern 
of the ship. 

A beam, on which the shaft rests, fixed across the ship, 
would support its weight, but this would not be sufficient 
in practice. , 

When we were considering the thrust block we saw 
that it was necessary to distribute the pressure over a 
considerable area, so as to avoid wear on the thrust 
collars and rings. If a round shaft rests on a flat 
surface, it only touches that 
surface along a line, as shown 
inerig. Aq; 

So if the shaft merely rested 
on a beam, the whole of the 


ressure due to the weight of p eee AY mn 
P 3 a yo0 7) ee 
the shaft would be taken by aO20707 ae 


this line bearing along which 
it rested on the beam. 

The area over which the 
pressure was distributed would then be so small that the 
pressure would be so intense as to force the lubricant 
from between the rubbing surfaces, and the friction 
-would become so great as to rapidly wear away the 
beam, or the shaft, or both. 

Consequently the “ bearing surface” has to be made 
larger, and instead of the shaft resting on the beam, it 
rests in a sort of trough fixed on the beam, which is 
placed lower down to make room for this trough or 


» “bearing.” 

The shaft now, instead of resting on a surface repre- 
sented by a line, rests on the bottom and sides of the 
trough, which encircles its lower half, and so the pressure 
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is distributed over a considerable area, as shown in Figs. 


45 and 46. 


FIG. 45 FIG. 46 


As there is nothing to cause the shaft to bend upward 
or lift, it is unnecessary to have a bearing above the 
shaft as well; but it was found in practice that dirt and 
grit got between the shaft and the bearing, owing to 
there being no cover, and this caused friction, and so the 


6 2? 


surfaces were worn away. To prevent this a ‘cap 
is fitted to the bearing, which not only serves to keep 
out the dirt, but also makes a convenient arrangement 
for supplying oil to lubricate the bearing, an ‘oil box” 
being made in the top of the 


cap with a small hole leading 


from it through the cap on to 
the shaft. 

The cap does not neces- 
sarily touch the shaft at all, 
as it has no real work to do, 


so generally a small space is 
left between them. Fig. 47 
shows an end elevation of a 
complete propeller-shaft bearing or plummer block, the 

oil box being shown as forming part of the cap. 
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E have now arranged for the satisfactory driving 

of the propeller by means of the propeller shaft, 

we have arranged for the transmission of the thrust of 

the propeller to the hull of the ship, and we have also 

arranged for the support of the propeller shaft through- 
out the whole of its length. 

Arrangements have also been made for driving the 
ship astern. 

The next thing we have to do is to drive the shaft by 
means of a steam engine. 

So now we have to find out what a steam engine is. 

First of all, what is steam? And what is the power 
in steam which we utilise for driving our shaft ? 

If we apply heat to water, the water boils away and 
becomes steam, as we see in an ordinary kettle. When 
we have applied enough heat, that is, when the kettle has 
been long enough on the fire, we find that all the water 
has boiled away and become’steam. While there was 
water in the kettle we were able to keep the fire burning 
. brightly, but yet did not,hurt the kettle, as the water took 
away the heat from the bottom of the kettle as fast as 
the fire put it in. 

But if we leave the kettle on the fire after all the 
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water has been boiled away, we find that the bottom of 
the kettle becomes red-hot, and the kettle is ruined. 

From this we conclude that a large amount of heat 
has been absorbed or taken up by the water in convert- 
ing it into steam. 

Again, if we take away the heat from the steam it 
‘“condenses,” that is, it turns back into water. 

If we hold a cold plate near the spout of a boiling 
kettle so that the steam strikes against it, we find that 
the plate quickly becomes wet, and water begins to drop 
from it; also the plate soon becomes hot. 

The steam has been condensed by the cold plate rob- 
bing it of its heat. 

If from the spout of the kettle, whose lid has been 
fixed down so that no steam can escape that way, we 
lead a pipe to a closed vessel kept cool by water running 
over it, we find that when all the water has been boiled 
out of the kettle we have exactly the same amount of 
water in the closed vessel as we had at first in the 
kettle, showing that the volume of the water is not in 
any way changed by its first having been turned into 
steam and then back again into water. The boiling of 
the water merely changed its state from a “liquid” 
to a ‘‘gas,” just as when we heat a block of ice it turns 
into exactly the same weight of water, its ‘state ” 
having been changed from a ‘‘solid” to a “liquid” merely 
by heat having been applied to it. 

So we conclude that ice, water, and steam are all 
really the same thing, but at different temperatures. 

The amount of steam given off by the boiling away 
of water is very great. If by boiling we convert 1 


cubic inch of water into steam at the same pressure as 
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the atmosphere, we get, as nearly as possible, 1 cubic 
foot of steam “at atmospheric pressure,” that is, the 
volume is increased about 1,728 times by the change of 
State from water to steam. 

Suppose we take a round tube (which we call a 
cylinder) exactly 1 square foot in sectional area 
(13°5 inches in diameter), with its bottom end closed, 
and into this cylinder we put exactly 1 cubic inch of 
water, then this water will cover the bottom of the 
cylinder to a depth of less than one-hundredth part of 
an inch—scarcely more than wet it all over, in fact. 

Now let us place on the top of the water a “piston,” 
that is, a thin round disc or stopper, which fits the 
cylinder so perfectly that it will slide up and down inside 
it quite freely, but yet leave no room between it and the 
sides of the cylinder for any steam or water to pass. 


This piston will, of 
course, be more or 


less heavy, so we 
Mi 
t, 


} 
i 


must arrange another 
weight to counter- 


balance it, so that it 


shall exercise no pres- 
sure on the surface of 


the water and will 
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the steam from push- 


ing it up the cylinder. 

This can be done 
in the way shown in 
Fig. 48, where a 
string attached to the 
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piston passes over two pulleys on a support above the 
cylinder, and is then tied to a weight W exactly equal 
to the weight of the piston. 

Now when we apply heat to the bottom of the cylin- 
der the water boils, and as it boils the piston is pushed 
up the cylinder by the steam given off by the boiling 
water, until, when it has just all boiled away, we find 
that the piston has risen in the cylinder just 1 ft. ; 
that is, the cubic inch of water has become 1 cubic 
foot of steam. 

We have the pressure of the atmosphere acting down- 
ward on the top of the piston, and we know that this 
pressure is equal to about 15 lbs. on each square inch of 
its area. 

As we have arranged that our piston shall exercise no 
downward pressure, the pressure of the steam below the 
piston must be the same as the atmospheric pressure 
above, and so we have our cubic foot of steam inside the 
cylinder at atmospheric pressure, that is, at 15 lbs. per 
square inch. 
~ Now suppose, instead of 1 cubic inch of water, we 
put 2 cubic inches into the bottom of the cylinder, and 
suppose we stop the piston from rising beyond the foot 
in the cylinder. If we apply heat as before, the piston 
will rise until 1 cubic inch of the water has boiled 
away, when it will have risen the 1 ft. in the cylinder, 
as before; it will now be prevented from rising any 
further, but the water will still go on boiling until it has 
all turned to steam. Water, we know, is incompressible, 
but not so steam, which is the vapour of water, and so a 
“gas,” and which we can compress into almost as small 


a space as we like if only we apply enough pressure, 
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and the vessel in which it is contained be strong 
enough, 

So we now have 2 cubic feet of steam squeezed 
into 1 cubic foot of space. When there was only 1 
cubic foot of steam in the same space, we had a pressure 
of “one atmosphere” inside the space, so we. naturally 
conclude that we now have double the pressure, namely, 
two atmospheres, or 15 lbs. above the atmospheric 
’ the instrument used 
to measure pressures of liquids or gases, would now show 
‘“‘15 lbs. per square inch.” 

If we had allowed the piston to be moved by the 
steam as far as it would go, it would have risen 2 ft. 
in the cylinder, and if we had now forced it down until 
it was only 1 ft. from the bottom, we would have ob- 


(a3 EE 
pressure. The “pressure gauge, 


tained the same result ; so we conclude that if we 


HALVE THE VOLUME, WE DOUBLE THE PRESSURE. 

As the piston is 1 square foot in area, that is, 144 
square inches, and the pressure acting on it to force it up 
is 15 lbs. on the square inch, the force with which the 
piston is now being pushed is 144 x 15 lbs, = 2,160 lbs., 
or very nearly a ton. 

If, instead of 2 cubic inches of water, we had put 
3 cubic inches into the cylinder, our pressure would have 
risen to three atmospheres, or 30 Ibs. above atmospheric 
pressure, as we would have squeezed 3 cubic feet of 
steam into the 1 cubic foot of space. 

The pressure gauge would now show “30 lbs.,” and a 
force of nearly 2 tons would have been required to keep 
the piston from rising in the cylinder. 

The piston would, if free, have risen 3 ft. in the 
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cylinder, so we conclude that if we reduce the volume 
to one-third, we treble the pressure. 

So 4 cubic inches of water, boiled in the cylinder, 
would give four atmospheres pressure, or 45 lbs., as shown 
by the pressure gauge, and the piston would have risen 
4 ft. in the cylinder, and so on. 

From this we conclude that 


THE VOLUME VARIES INVERSELY AS THE PRESSURE. 


That is— 
the volume gives }, or double the pressure. 
the volume gives #, or treble the pressure. 


He[e cole Dole 


the volume gives 4, or four times the pressure, 
and so on. 


This law, showing the relative volumes and pressures 
of gases, is called ‘“ Boyle’s Law” from the name of its 
discoverer. 

We have seen that by robbing steam of its heat, it 
is condensed, or turned back into water. : 

Now, in this experiment of turning water in the 
bottom of the cylinder into steam by the application of 
heat, unless we keep the whole of the cylinder and 
piston at a temperature equal to that of the steam 
(212 degrees by the Fahrenheit thermometer), heat will 
escape from the steam through the walls of the cylinder 
and condensation will take place, thus spoiling our ex- 
periment. As this temperature of 212 degrees is too 
high for comfort, we must try and demonstrate Boyle’s 
law in a different way, using a gas which will not 
condense as does steam. 

Air is the most convenient gas (or mixture of gases) . 
for our purposes, as it behaves when under pressure 
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almost exactly as does steam when kept at the tempera- 


ture at which it is pro- 
duced by the boiling of 
water at atmospheric 
pressure (namely, 212 
degrees), and does not 
condense and so shrink 
at the ordinary temper- 
atures such as are suit- 
able for the carrying out 
of experiments. 

If we take an ordinary 
bottle, such as a cham- 
pagne or soda - water 
bottle, and securely cork 
it, with a tube passing 
through the cork into 
the bottle, and then by 
means of a force pump 
force through this tube 
into the bottle a volume 
of air exactly equal to 
that which was already 
in it, then we have two 
volumes of air squeezed 
into the space originally 
filled by the one volume 
when at atmospheric 
pressure. 

The result will be ex- 
actly the same as when 


we boiled away the 2 
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cubic inches of water in the cylinder—that is, the 
pressure of the air inside the bottle will be doubled. 

If we now force in yet another volume of air (equal 
to that put in before) by means of the force pump, there 
will then be three times the original amount of air in 
the bottle, and the pressure will be trebled, and so on. 

We can conveniently show this pressure by seeing 
how far it is capable of forcing mercury up in a vertical 
tube. 

The ordinary mercurial barometer we know merely 
consists of a tube sealed at its upper end, with its lower 
end, which is open, dipping into a vessel containing 
mercury, on the surface of which the pressure of the 
atmosphere is acting. 

All the air being “exhausted” from the inside of the 
tube, there is no pressure at all acting on the surface 
of the mercury inside the tube. Consequently the 
mercury rises in the tube until the downward pressure 
of the mercury (due to its weight) is equal to the upward 
pressure of the atmosphere acting on the surface of the 
mercury outside the tube. 

As this pressure of the atmosphere is not quite the 
same at all times, the height to which the mercury rises 
varies, and as the weather is largely dependent on the 
way in which this pressure is varying, the barometer is 
of great use in telling what sort of weather to expect. 

A cubic inch of mercury weighs almost exactly half 
a pound, so, if we pour mercury to a depth of 1 in. into 
an open-ended tube 1 square inch in cross-sectional area, 
with a stopper in its lower end, the pressure tending 
to force this stopper out will be the weight of the cubic 
inch of mercury above it, namely, half a pound. For 
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each additional inch we raise the level of the mercury 
in the tube, the pressure on the stopper is increased by 
half a pound. 

In the barometer the mercury rises to a height of 
30 in., and so we see that the pressure of the atmo- 
sphere which counterbalances the pressure due to the 
weight of this column of mercury is 39=15 lbs. on the 
square inch. 

In measuring the pressure of the air in our bottle, we 
arrange a long glass tube, open at both ends, passing 
through the cork, and reaching very nearly to the 
bottom of the bottle, into which we put some mercury. 

Before we start to pump in the extra air, the pressure 
on the surface of the mercury in the bottle is atmospheric 
pressure, as also is that on the surface of the mercury 
in the tube, so the level is the same in the bottle and 
in the tube. When, however, we pump in the second 
volume of air to the bottle and the pressure is thereby 
doubled, we have 30 Ibs. pressure acting on each square 
inch of the surface of the mercury in the bottle, but still 
only the one atmosphere, or 15 Ibs. on the surface of 
that in the tube. Naturally the mercury rises in the 
tube until the 15 lbs. atmospheric pressure and the 
pressure due to the height of the column of mercury 
are together equal to the 30 lbs. pressure in the bottle, 
when it will have reached a height of 30 in. above the 
level of the mercury in the bottle, corresponding to the 
extra 15 lbs. required to balance the pressure of the 
compressed air in the bottle. 

On forcing another equal volume of air into the bottle, 
making three volumes compressed into the space origin- 
ally occupied by one, the pressure is trebled, thus be- 
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coming 45 Ibs. per square inch, and the mercury rises 
in the tube another 30in., so that the pressure of 30 |bs., 
due to this 60-in. column of mercury, together with the 
15 lbs. atmospheric pressure, counterbalance the 45 lbs. 
pressure in the bottle. 

Similarly, when we pump in a fourth volume of air, 
the pressure is quadrupled, becoming 


15 x 4 lbs.=60 lbs. per square inch, 


and the mercury rises to 90 in. in the tube, exercising a 
pressure of 45 lbs. 

If, instead of forcing additional quantities of air into 
the bottle, we force water in instead, the air in the bottle 
is compressed into less space, the water being incom- 
pressible, and so the pressure rises as the volume of the 
air is decreased. 

Suppose the bottle to contain one quart and to be 
full of air at atmospheric pressure, if we force in half 
a quart (one pint) of water the space left for the air will 
be one pint, that is, the quart of air will have been com- 
pressed into half of its original volume, the pressure is 
doubled, and consequently the mercury rises to 30 in. 
in the tube. If now we force half a pint more water 
into the bottle, this space of one pint, in which the air is 
contained at two atmospheres pressure, will again be 
reduced to one-half its size, and the pressure of the air 
will again be doubled, thus becoming equal to four 
atmospheres, or 60 lbs. per square inch, and the mercury 
will rise to 90 in. in the tube. So by forcing in a known 
quantity of water we reduce the volume of the air by 
a known amount, and consequently can calculate its 
pressure, 
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We can also prove these pressures in a very simple 
manner by the use of actual weights. 

If a piston of half a square inch in area (‘8 in. 
in diameter), fitting perfectly in a short cylinder, be 
arranged so that the pressure of the air in the bottle 
shall act on its under side, by connecting the bottom 
of the cylinder to the bottle by means of a tube, then a 
pressure of 15 lbs. per square inch in the bottle, acting 
on the half square inch of the piston, will exert a force 
of 73 lbs. on the piston-rod. If we place a 74-lbs. weight 
on the top of the piston when the pressure in the bottle 
has been doubled, we find that it just balances the 
pressure underneath the piston, which now can be moved 
up and down in the cylinder by the very slightest exercise 
of force, thus clearly proving the original pressure of the 
atmosphere to have been 15 lbs. per square inch. So, 
again, if we treble the pressure in the bottle, the force 
tending to push the piston up will be two atmospheres, 
which, acting on the half square inch area of the piston, 
will require a weight of 15 lbs. to balance it. 

The whole arrangement of this apparatus is shown in 
Fig. 49, where A is the bottle, B the force pump, C the 
mercury tube, D the mercury in the bottle, E the piston, 
working in the cylinder F, which is connected to the 
bottle by the pipe G, and HH are the weights acting on 
the top of the piston. 

We saw, when considering the pressure exerted by 
the steam on our piston of 1 square foot in area, that 
a pressure of only 15 lbs. per square inch in the cylinder 
gave us the enormous force of nearly a ton on the 
piston, and similarly that 30 lbs. pressure gave us a 
force of two tons, and so on. 

45 


Elementary Steam Engineering 


It follows clearly, from the points we have been con- 
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sidering, that if we have a volume 
of compressed air or steam at a 
pressure of, say, 60 lbs. per square 
inch, and allow it to expand to 
double that volume, we will still 
have a pressure of 30 lbs. per square 
inch ; if, again, we allow it to ex- 
pand. to double that volume, the 
pressure will still be 15 lbs., and so 
on, the pressure decreasing as the 
volume increases until atmospheric 
pressure is reached. For the sake 
of illustration, let us look at the 
pressures and corresponding forces 
acting on a piston of 1 square foot 
in area, similar to the one we have 
been considering, working in a long 
cylinder, and let us suppose that 
there be 1 cubic foot of steam in 
the cylinder, at a pressure of 150 
lbs. per square inch, or ten atmo- 
spheres, acting on the piston, then 
the pressures and consequent forces 
acting on the piston as it travels 
along the cylinder will be as shown 
in the diagram, Fig. 50. 

This gives us some idea of the 
tremendous power which can be 
obtained by merely boiling water in 
a closed vessel, and this is the power 
which we use in the steam engine. 

46 


The Steam Engine 


The point now comes—how to make use of this 
power. 

_ We use a closed vessel, under which we light a fire, 

and which we call a “boiler,” to make a supply of 
steam at any pressure we like, and we lead this steam, 
by means of a pipe called a “steam pipe,” to the engine, 
where the power contained in the steam is turned into 
useful work in turning the propeller, and so forcing the 
ship along. 

As the water in the boiler is turned into steam by the 
heat from the fire, and that steam is taken away through 
the steam pipe and used in the engine, naturally all 
the water which was first put into the boiler would soon 
be used up and the supply of steam would cease; so, 
as the water is used out of the boiler, in the form of 
steam, we must supply more. This is done by a 
pump called a “feed pump,” which forces the water 
into the boiler against the pressure of the steam. This 
feed pump is either worked by the engine actually using 
the steam, or else by a small separate steam engine, the 
boiler supplying the steam to drive it. So we get a 
constant supply of steam. 

Now let us take our cylinder and piston, which may 
be of any size necessary for the power required, but 
instead of counterbalancing the weight of the piston, 
let us put a heavy weight on the top of it. 

From the boiler let us lead a steam pipe to the 
bottom of the cylinder, with a ‘‘cock” like an ordinary 
_ water tap in it, which we can open or close as we like ; 
from the other side of the bottom of the cylinder let 
us lead another pipe, called the ‘‘exhaust” or “ educ- 
tion” pipe, also “controlled” by a cock, and opening 
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to the atmosphere. We will call the first of these (S in 
Fig. 51) the ‘steam cock,” 


a l neues 
ttt tit and the second (X in Fig. 51) 
ooee. aaa 22 the “ exhaust cock.” 
sensi oreese ieee If the piston be at the 
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oer ~= «bottom of the cylinder and 
Z Y 
| we close the exhaust and 
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ch A open the steam cock, the 
Mish cs steam will rush into the 


cylinder, the pressure inside 
which will become much 
greater than the pressure of the atmosphere acting on 
the top of the piston, and so the piston with its heavy 
weight will be forced up to the top of the cylinder. 

If we now shut the ‘‘steam” and openthe “exhaust,” 
the steam inside the cylinder will rush out until the 
pressure falls to that of the atmosphere, and the piston 
will be forced down to the bottom of the cylinder by 
the weight, pushing the rest of the steam through the 
exhaust. 

Our piston will now have made what is called a 
“double stroke,” that is, one “up” and one “down” 
stroke. 

So as to be able conveniently to use the power of 
the piston moving up and down in the cylinder, we 
firmly fix in the centre of the piston a round rod called 
the “piston-rod,” and we make a round hole in the 
centre of the cylinder bottom, through which the piston- 
rod works without letting any steam escape. 

So we are able to use our power outside the cylinder, 
as shown in Fig. 52. 


The first steam engines, made on this principle, were 
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used for working pumps for pumping water out of mines, 
and this piston-rod was continued on to form the pump rod. 

This weighted piston was a poor sort of arrange- 
ment, as a heavy weight was being lifted up at each 
up stroke and being let down again on the down stroke. 

Also the steam was only doing work on the up stroke. 

So means were devised for doing without the weight, 
and for using the power of the steam on the down as 
well as on the up stroke. 

The top end of the cylinder was closed by means of 
a “cylinder cover,’ and another pair of steam and 
exhaust pipes and cocks were fitted at the top end of 
the cylinder, precisely like those at the bottom end. 
The two steam pipes on the one side were connected 
to the same main steam pipe, and the two exhaust 
pipes on the other side were also connected, so that 
there was only one pipe leading away from the engine to 
the atmosphere outside. 

Then the arrangement of the cylinder with its piston, 
piston-rod, cover, and steam and exhaust cocks and 
pipes became as shown in Fig. 53. 
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We see from the diagram that by opening S and X 
and closing S and X’, the piston will be driven from the 
bottom to the top of the cylinder. Then by closing 
S’ and X and opening S and X’ it will be driven down 
again. 

So by alternately opening and closing the cocks in 
the proper order, the piston can be made to work up 
and down and so work the pump, the power on the 
down stroke being the same as on the up. 

This alternate opening and closing the steam and 
exhaust cocks was done by a boy, who was known as 
the “‘tappet boy.” 

It was very tedious work, so an ingenious tappet boy, 
who also happened to be lazy, thought that it would be 
a good plan to make the moving piston-rod do his work. 
By means of strings and pieces of wood he so arranged 
that when the piston nearly reached the end of its stroke, 
the end of the piston-rod caught one of the pieces of 
wood and dragged one cock open and another shut; at 
the other end of the stroke the piston-rod caught another 
piece of wood and dragged the first cock shut and the 
second one open, and so on. 

fle mvented the self-acting steam engine, and went 
away to play marbles, but the engine went on working 
all the same. 

Shrewd men were trying to improve the steam engine, 
and they very soon saw the value of the lazy tappet 
boy’s invention, with the result that all steam engines 
were soon made self-acting. Many steam engines used 
for work on land are still worked on this principle, steel 
rods and blocks taking the place of the strings and 
pieces of wood. 
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The next point which arose was this— 

There were two cocks to manage the supply of steam 
to the cylinder, and also two to manage the exhaust. 

Why not make one thing do the work of the two 
steam cocks, and another that of the two exhausts ? 

One cock could not conveniently be made to do the 
work of either pair, so another plan was tried. 

On one side of the cylinder a metal box called a 
“steam chest” was fixed, as shown at B in Fig. 54, 
running from end to end of 
the cylinder, capable of stand- 
ing the full steam pressure, 
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and covering the two holes 
at the ends of the cylinder 
where the steam cocks had 
been (these holes were now 
called “steam ports’) in such 
a way that the inside of the 
cylinder was open to the in- 
side of the steam chest at 
both ends. When steam was 
led into this steam chest by 
means of the steam pipe from 
the boiler, naturally it flowed 
into both ends of the cylinder at the same time. As it 
was necessary to allow the steam to enter into one end 
of the cylinder only at a time, a flat iron plate was fitted 
over the ports, inside the steam chest, working backward 
and forward on a flat surface prepared to receive it, on 
the side of the cylinder. 

This plate had two holes in it, each the size of a 
steam port, and at such a distance apart that when the 
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plate was pushed back as far as it would go, the back 
hole in the plate would correspond with the back steam 
port, while the front steam port would be covered by the 
plate, and so the steam prevented from getting into the 
front end of the cylinder. On pulling the plate forward, 
the front hole in the plate would correspond with the 
front steam port, while the back port would be closed by 
the plate. 

In order to be able to move this plate backward and 
forward, a rod called a “slide rod” was fixed to it, 
and passed through a hole in the front of the steam 
chest, in which it fitted steam-tight (like the piston-rod 
through the front end of the cylinder). 

In this way steam could be admitted from the steam 
chest to either end of the cylinder, as required, by 
merely pulling the plate (which was called a “valve” 
backward and forward by means of the slide rod. 

A similar arrangement was made for letting the steam 
out of the cylinder after it had done its work, first at 
one end and then at the other, as shown at F in Fig. 54; 
the only difference was, that in the exhaust valve the 
holes were further apart than in the steam valve, as will 
be seen at E in the sketch. On examining the sketch, 
we see that if both valves are pushed right back by the 
slide rods, the back steam and the front exhaust ports 
are opened, while the front steam and back exhaust are 
_ closed, 

This was precisely what was done by our four cocks 
in Fig. 53, and so the piston will be forced by the 
pressure of the steam from the back to the front of the 
cylinder. 

Similarly, when the piston reaches the front end of 
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the cylinder, if the steam and exhaust valves are pulled 
forward by the slide rods, steam will be admitted to the 
front end of the cylinder, and the back exhaust opened 
to allow the used steam to escape. Consequently the 
piston will be forced back again, and we will have com- 
pleted our “‘ double stroke.” 

We see that in each case the valves had to be moved 
in the same direction as the piston was travelling just 
before it reached the end of its stroke, in order to make 
it go back again. 

To make the piston-rod, as it moved backward and 
forward, work the two valves in order to make the 
engine self-acting, ‘‘tappets”” C C on the steam side and 
DD on the exhaust side were fixed on the slide rods, 
and a “‘tappet bar” G was fixed on to the end of the 
piston-rod in such a way that it would catch the steam 
and exhaust tappets just before it. reached the end of 
its stroke, and so push or pull the steam and exhaust 
valves A and E with it till they reached the ends of 
their strokes, when the steam and exhaust ports would 
be reversed, and the piston would commence to move 
back again. Just before it reached the end of this 
second stroke, the tappet bar caught the other pair of 
tappets, and dragged the valves back into their original 
positions; and-so the piston started to make another 
stroke, and continued to move back and forth so long as 
the supply of steam was kept up. 

The next point which arose in the evolution of our 
steam engine was this: These two long steam chests, 
reaching beyond the ends of the cylinder, were unwieldy 
and heavy, and also, as will be seen on examining the 
action of the steam valve in Fig. 54 while it was actually 
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being moved from the one position to the other by the 
tappets, both steam ports were partly open to steam at 
the same time. 

This was also the case with the exhaust valve; con- 
sequently steam rushed straight through from the steam 
chest to the exhaust at both ends of the cylinder during 
a certain portion of the stroke. Clearly this was a bad 
arrangement, there being a great waste of steam. 

To get over this trouble, a different arrangement was 
tried. So far, the steam ports had merely been round 
holes through the sides of the cylinder, one at either 
end, as they had been when the cocks were used to 
control the ‘admission ” and “ cut-off” of the steam. 

This necessitated the valve travelling a long way in 
order to completely shut the ports, which had to be of 
considerable size to allow the steam to get into the 
cylinder fast enough. 

In order to make it possible to reduce this travel, the 
ports, instead of being made round, were made oblong 
in section, with the long way across the cylinder. 

We can see that the same area of port for the passage 
of the steam could thus be obtained with a very much 
narrower port. For instance, a circle of 1°1 in. in dia- 
meter is as nearly as possible 1 square inch in area. A 
rectangle 4 in. long and lin. wide is also a square inch 
in area. So a valve to shut off two such ports of the 
same area would have to travel less than a quarter as 
far in the case of the oblong port as in the case of the 
round one. Then, instead of the valve acting on these 
narrowed ports at the extreme ends of the cylinder, the 
ports were brought much nearer together, in a new and 
much shorter ‘cylinder face,” as shown in Fig. 55, the 
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part of the ports between the ends of the cylinder and 
this new cylinder face merely acting as steam pipes. 

This enabled a much shorter steam chest and valve to 
be used. The steam valve 


itself, instead of having two 
holes through it, as it had 
before, was made simply of a 
flat plate (D in Fig. 55), which, 
when in its middle position, 
just covered both the steam 


ports. 
When this valve was moved 


in one direction or other by the 


slide rod E, the port on the 


side toward which the valve 
was moving would remain 


FIG. 55 


closed, while the other port 
would be opened. Then when the valve was moved back 
again, the closed port would remain closed until the open 
one also was closed, when it would in turn be opened ; 
so the two ports could never be open at the same time. 

In the case considered in Fig. 54, we see that the 
valve only moves just the width of the port in order to 
get the full opening to steam. 

In this new case (Fig. 55), however, we see that it has 
to travel twice the width of the port, but as this width 


-has been reduced to about a quarter of what it was in 


Fig. 53, by the use of the oblong instead of the round 
port, there is still a great gain as to the distance the 
valve has to travel in order to obtain the desired result; 
and the waste of steam due to both ports being open at 


the same time is avoided. 


55 


Elementary Steam Engineering 


For the same reasons, a similar arrangement of valve 
and ports was needed to control the exhaust. 

With this arrangement, then, the steam chests were 
reduced to a more convenient size, the valves were made 
much smaller, the “travel” of the valve was less, and 
both steam or exhaust ports were never open at the 
same time, so that steam was not wasted. 

There were still, however, two valves to do the work 
of controlling the steam and the exhaust, and con- 
sequently two sets of tappets were still required. 
Also it was found that the pressure of the steam, when 
doing its work in the cylinder, acted on the face of the 
exhaust valve where it closed the exhaust port and 
forced the valve off the cylinder face, the pressure on 
the back of the valve being only that of the atmosphere, 
and so not sufficient to counterbalance the steam pres- 
sure on that part of its face on which it acted. The 
result was that steam leaked past the valve direct to the 
exhaust and was wasted. 

Both of these objections were got over in a very 
simple way, which also greatly simplified matters and 
made the whole arrangement much lighter. 

The steam valve was made to do the duty of the two, 
the steam pressure on its back more than counter- 
balancing the pressure acting on the small portion of its 
face covering the ports, thus ensuring its being in steam- 
tight contact with the cylinder face. 

The way this was done was to make a hollow called 
the “exhaust cavity” in the face of the valve, leaving 
only two “bars” of the metal at the ends, each just 
wide enough to cover one of the ports, and so arranged 


that both ports should be closed at the same time, and 
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by making a third port called the ‘exhaust port” in the 
cylinder face between the two steam ports, with a passage 
leading from it to the atmosphere. 

As this exhaust port was always open to the exhaust 
cavity of the valve, naturally this cavity was always 
open to the atmosphere also. 

Figs. 56, 57, and 58 show this new arrangement of the 
‘slide valve,” as it was now called. 
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In these three figures the various parts are— 


A and B_ Steam ports. F Steam chest. 
C Exhaust port. G_ Slide rod. 
D Slide valve. Hl Piston: 
Ee Exhaust cavity. K Cylinder: 


Fig. 56 shows the slide valve in its central position, 
the two steam ports being closed by the bars of the 
valve. 

Let us study the action of this slide valve from the 
three sketches. First, let us pull it down by means 
of the slide rod into the position shown in Fig. 57, 
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which is its extreme downward position. We see that 
the port A is uncovered, thus placing the top end of the 
cylinder in direct communication with the steam chest, 
and so by way of the steam pipe with the boiler. 

At the same time we see that the lower bar of the 
slide valve has uncovered the lower port B and placed 
the bottom end of the cylinder in direct communication 
with the exhaust cavity of the valve. As this cavity, 
we have seen, is always open to the atmosphere by way 
of the exhaust port in the cylinder face, obviously the 
bottom end of the cylinder also is thus open to the 
atmosphere. 

Consequently the piston, having full boiler pressure 
acting on the top and being free to the atmosphere 
beneath, will be forced down to the bottom of the 
cylinder, the exhaust steam passing out through the 
lower port to the atmosphere by way of the exhaust 
cavity of the valve and the exhaust port, as the piston 
comes down. 

The piston having reached the end of its stroke, let 
us push the slide valve up into the position shown in 
Fig.. 58, which is its extreme upward position. We 
then see that the top end of the cylinder has been 
opened to exhaust, and the bottom end to steam, and so 
the piston moves up again to the top of the cylinder. 

Now we notice that when the piston reaches the top 
of its stroke the slide valve has to come down in order 
to make the piston return, and similarly, when it reaches 
the bottom of the stroke, it has to go up, which is 
directly opposite to the motion we had in the arrange- 
ment we considered in Fig. 54. So the system of tappets 


to work the valve in that case would not suit here. 
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We must reverse the action of the tappets, and this is 
very simply done by means of a pair of levers. 

We know that if we place a plank, A B in Fig. 59, 
with its centre resting on a 
support C, on which the 
plank rocks, when we weigh 
down on the end A the end HSE 
B goes up, and when we — 
weigh down on B then A goes up, the direction of 
motion being reversed. This is exactly the motion we 


require to work our tappets, and so the slide valve. 
So in Fig. 60 we arrange 


a pair of levers, pivoting 


about points AA, firmly 


SIS 


fixed to the framework of 
the engine. 
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levers just before the piston 


reaches the ends of its stroke. 
The other ends of the levers 
catch spurs D D on the slide 
rod, and we get the desired 


result, the piston working up 


and down. 

We have now satisfactorily 
arranged to utilise the enor- 
mous power of the steam in 


making our piston move up and down in the cylinder, 

and we can get at and use this power at the end of the 

piston-rod, moving up and down in a straight line. 
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This motion of the piston-rod in a straight line, back 
and forth, is called a “ reciprocating motion.” 

We have seen that the screw propeller sends the 
ship forward by twisting itself through a nut, which it 
cuts for itself as it moves along in the water. 

This round-and-round or “rotary” motion is imparted 
to it by means of the shafting, which is driven by the 
engines. 

So far our engine has only a reciprocating or back- 
ward-and-forward motion in a straight line. 

How is this reciprocating motion, caused by the 
action of the steam first on one side and then on the 
other of the piston, converted into rotary motion so that 
it may be used to turn the propeller ? 

This is done by means of an arrangement called a 
‘crank. 

THE CRANK 

Take the case of an ordinary grindstone, a sewing 
machine, or any other machine where something carried 
on a spindle, passing through its centre and supported 
by bearings, is made to revolve by hand. 

It would be impossible to turn the grindstone or work 
the sewing machine by simply twisting the spindle round 
with the hands or fingers—we would not have sufficient 
strength. 

In each and every case of this sort the power is gained 
by means of a crank, even though it may not be called 
by that name. 

The crank, if we come to think of it, is only a lever 
after all, using the centre of the spindle as a “ fulcrum,” 
and acting on the edge of the spindle, which becomes 


the “weight lifted,” but instead of the “weight” being 
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“lifted” through a small height, the edge of the spindle 
is forced round and round, the resistance of the grind- 
stone or sewing machine to being turned, that is, the 
power required to drive it being the weight. 

Fig. 61 shows this idea of the lever being used to turn 
a spindle or “shaft.” 


In the case of the grindstone, supposing the spindle 
to be 1 in. in diameter, then, in twisting directly on 
to the spindle to revolve the stone, our fingers, or the 
parts of our hands actually touching the spindle to turn 
it, would, in making it revolve once, have supplied the 
power to do this in moving through a distance equal to 
the circumference of the 1 in. spindle, that, is, 3°1416 
in.; but we could not have done it, the strain would 
have been too great. 

So instead of trying to twist round on the spindle 
itself we use the handle, which is simply a conveniently 
shaped lever fitted on to the spindle. 

Suppose the part we hold to be rft. out from 
the centre of the spindle, that is, the actual lever which 
fits on to the spindle and stands out at right angles to it, 
tobe ift. lone (the “crank-arm” in Fig. 62), ‘then 


we find that we can turn the grindstone easily. 
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Why? Because we have taken the strain required to 
turn the grindstone gradually. 

Instead of moving only 3:1416 in., our hands have 
moved through a circle of 12 in. radius; that 1s, 
2% 3'I416*12 in.=75°3984 in. or over 6 ft. in doing 
the work which we tried to do in half as many inches, 
when twisting on the spindle itself, and failed. 

That, we see, is simply a case of leverage. 

To make the lever more convenient, its end is bent 
outward at right angles to it, and so parallel to the 
spindle, but at a distance of 1 ft. from its centre line. 

The whole handle is a crank. The actual lever, 
fixed to the spindle or shaft and standing at right 
angles to it, is called the crank arm, the part we 
actually hold, and to which we apply the power, 
would in an engine be called the ‘‘ crank pin,” and the 
distance between the centre line of this part and the 
centre line of the shaft is called the “throw” of the 

crank. This distance is, 


of course, the radius of the 


circle through which our 


hands move in turning the 
grindstone. The various 


parts of the crank forming 
the grindstone handle are 
shown in Fig. 62. 


From all this we infer that 
the longer the crank arm the 
greater the leverage, and so 
the power with which we can 
turn the stone, but also the greater the distance through 


which our hands have to move in doing the work. 
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Now in turning this grindstone by means of the handle 
or crank, we have alternately pushed and pulled on the 
handle or crank pin with our hands. If we keep our 
arms straight, but let them swing freely from the 
shoulder, we can still turn the grindstone quite comfort- 
ably, our body moving backward and forward as we 
turn it. 

So our shoulder, at one end of the arm, moves back- 
ward and forward, while our hand, grasping the handle 
or crank pin moves round and round. 

We have converted the backward-and-forward or 
reciprocating motion of our body into the round-and- 
round or “rotary” motion of the grindstone handle, and 
by means of the torsion of the shaft, have caused the 
stone to revolve. 

As our arm was straight all the time, it was a “rod,” 
that is, something with which we can both push and pull, 
and it connected the body (by its hinge at the shoulder) 
with its reciprocating motion, to the grindstone handle 
with its rotary motion, and so would in engineering be 
called a ‘‘connecting rod.” 

We notice that the arm being “hinged” to the body 
at the shoulder, allows the hand to move up and down 
as it pushes and pulls on the handle or crank pin as it 
moves round ina circle. Also we notice that this crank 
pin turns round and round in the hand as we work 
the grindstone. 

Another point which we notice, and which is rather a 
troublesome one, especially when we are turning the 
grindstone with the arms straight, is that if the crank pin 
of the handle is straight away from us, so that the crank 


arm and our own are parallel, we are unable to start the 
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stone revolving. If we push, the crank refuses to move, 
as it is already as far as it will go, and if we pull, we 
merely cause the grindstone spindle to press hard against 
the side of the bearing nearest to us, but in no wise tend 
to turn the stone. The forces are acting in a straight 
line, and as the bearing will not move there is no 
result. 

The crank is on ‘‘dead centre,” and push or pull as 
we may, it will not move. In order to start it, it is first 
necessary to turn the stone round a little, so that the 
crank pin shall not be in a straight line from the 
shoulder, beyond the crank shaft. Suppose we turn 
the stone so that the crank pin comes above this straight 
line, then if we pull, the top of the stone will come 
toward us ; if we turn it down and pull, the top of the 
stone will then go away from us. Naturally, at the other 
end of the stroke the same thing happens. So there 
are two dead centres, and in an engine with one crank 
care must be taken not to stop it on either dead centre, 
else there will be difficulty in starting again. When 
once the grindstone is started there is no further trouble, 
as the “momentum” or energy of the revolving stone 
will carry the crank past the dead centres; but in an 
engine it is necessary to have a ‘fly wheel” to supply 
the necessary momentum, else the engine will stop. 

In this case of the grindstone, the spindle or shaft 
ends at the lever or crank arm which is fixed to it, as 
it would prevent the arms from passing when turning 
the crank if it were continued any further, besides being 
unnecessary. 

This form of crank is called an “overhung” crank, 


as the crank pin “overhangs” or projects beyond the 
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end of the shaft, as shown in Fig. 63, and is very 
convenient for such work as the driving of a grindstone, 
where the power required is small, being supplied by 


one man. It is also often used in small auxiliary 
engines, where the power required is not great, and 
space has to be saved. 

Where, however, the power is considerable, the over- 
hung crank pin would bend, or the crank arm would twist 
under the strain, unless they were made exceedingly 


strong, as the crank pin is only supported at one end. 


>?) 
To make it stronger it is necessary to support it at its 
other end as well, and this is done by having another 


crank arm precisely like the first, at this end, with a 
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FIG. 64 FIG. 65 


piece of shaft attached to it, exactly in line with the first 
shaft, and also supported by a bearing, as shown in side 


elevation in Fig, 64 and in end elevation in Fig. 65. 
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The arrangement of the cylinder, with its piston and 
piston-rod, driving such a crank by means of a connect- 
ing-rod, is shown in side elevation, partly in section, 
in Fig. 66 and in an end elevation, partly in section, in 
Fig. 67, the valves for controlling the steam and exhaust 
being left out for the sake of simplicity, as also are the 
“columns” or supports, which bear the weight of the 
cylinder and take the strain due to the pressure of 
the steam on the piston, which is transmitted to the 
crank by means of the piston-rod and connecting-rod. 

We see in Fig. 66 that the ‘‘crank shaft” (as the part 
of the shaft where the crank is fixed is called) is thus 
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continued on a little beyond the second bearing, 
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called a “main bearing,” as it not only supports the 
weight of the shaft, as do the plummer blocks or propeller- 
shaft bearings, but also takes the strain of the push and 
pull of the piston, due to the pressure of the steam 
acting on it, which we have seen is a much greater 
force than the mere weight of the crank shaft. 

It is obvious that another cylinder can be arranged to 
act on another crank fixed on to this continuation of the 
crank shaft of the first engine, and a third and a fourth 
cylinder beyond that again, if desired, each acting on its 
own separate crank. 

So by this arrangement of crank we can have as 
many cylinders as we like, all acting on the same crank 
shaft, and so all helping to turn the same propeller, the 
power of each cylinder being transmitted to the propeller 
shaft through the crank arms and crank pin of the 
engine next behind it. | 

Naturally the crank pin of the engine nearest the 
propeller will thus have a much greater strain on it than 
have those further away, as it not only has to stand the 
strain of its own engine, but it also has to transmit the 
power of the other engines to the propeller shaft, and so 
to the propeller. 

It is necessary to make the crank pin large, so that 
the pressure on it shall not be too intense, for the same 
reason that the total area of the thrust collars is made 
large, namely, so that the lubricant shall not be squeezed 
out from between the rubbing surfaces. If in order to 
obtain the necessary area of crank pin, on account of 
lubrication, the pin were made long and of small diameter, 
it would not have sufficient “stiffness” and would bend 


under the heavy strain brought to bear on it. 
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If we support a rod on two blocks, as shown in 
Fig. 68, and place a heavy weight with an absolutely 
flat and rigid (that is, un- 


Hitt ttt tt t+tHtf+++ yielding) bottom on the 
Ee top of this rod, between 


the supports, then we see 
that the rod bends, and 


St doleleqadeded ol cbet-o(u ial < pel that instead of the bottom 
of the weight touching 


FIG. 68 


the rod all along, it only 
touches at the two ends; consequently the whole of 
the pressure due to the weight is taken just by these 
two points of contact, and so is intense. 

This is exactly the case with the long thin crank pin. 
The bearing at the end of the connecting rod, through 
which the pressure of the steam on the piston is trans- 
mitted to the crank pin, is rigid, and so, if the crank pin 
bend even ever so little, this pressure will be transmitted 
to the crank pin by just the corners of the bearing; the 
pressure at these points will then be intense, the lubricant 
will be squeezed out, and these corners will rapidly wear 
away. 

So the crank pin must not be allowed to bend under 
the pressure, and to prevent this it is made much 
larger in diameter than is actually necessary from the 
point of strength alone. The length, then, can be kept 
within reasonable limits, and yet the area over which the 
pressure is distributed remain large enough to prevent 
this trouble. 

The diameter of the crank pin necessary from this 
point of view makes it amply strong enough to stand 


the strain of the other engines as well as its own, and 
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so all the crank pins, whether there be two, three, or 
four, are usually made of the same size. 

When considering the turning of the grindstone by 
means of the handle we saw that ‘the longer the crank 
arm the greater the leverage, and so the greater the 
power with which we can turn the stone.” 

We can see, on examining the sketch of the crank 
being driven by the connecting rod, piston-rod, and 
piston (Fig. 67), that the centre of the crank pin, in 
turning the crank shaft, goes as much above the shaft at 
the top of the stroke as it does below it on the bottom ; 
so we see that the stroke of the piston is exactly double 
the “throw” of~the crank, as the distance from the 
centre of the crank pin to the centre of the crank shaft 
is the throw of the crank. Consequently, if, in order to 
gain leverage and so power, we were to make the throw 
of the crank very great, the length of the cylinder would 
also be very great, but it could be of very small diameter 
and yet get the same power as a much larger piston 
acting on a much shorter crank. 

For practical reasons such a long cylinder and piston- 
rod would be objectionable, so the crank is made of 
moderate throw, and so the cylinder and piston-rod also 
are of such moderate length as to be convenient, the 
cylinder, of course, being made of suitable diameter to 
obtain the power. 


THE CROSS-HEAD 
Again referring to the driving of the grindstone, 
where we said that the arm, acting as a connecting rod 
between the shoulder with its reciprocating motion, and 
the crank pin of the grindstone handle with its rotary 
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motion, was hinged to the body at the shoulder to 
allow the hand to follow round in the path of the crank 
pin, the arm swinging up and down about this hinge. 

In an engine this hinge is called the ‘‘cross-head,” 
and the pin of the hinge is called the ‘cross - head 
pin. 

The arrangement of this cross-head and cross-head 
pin is as follows— 

The end, or ‘“‘head,” of the piston-rod C in Figs. 69 
and 7o is enlarged, as shown at A, and through this 
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enlarged part is fixed the cross-head pin B, with its 
centre line across that of the piston-rod, at right angles 
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The upper end of the connecting rod is forked, as 
shown at D in Fig. 70, and in the sides of this fork are 
holes, through which the cross-head pin passes, thus 
joining the connecting rod to the piston-rod at the cross- 
head in such a way that if the piston-rod be moved up 
and down the connecting rod will be moved up and 
down with it, but will be free to swing from side to side, 
in Fig. 69, or backward and forward, in Fig. 70, as 
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its lower end moves round with the crank pin. This 
arrangement takes the place of the shoulder joint in the 
case of the man turning the grindstone, the only difference 
being that, owing to the formation of the shoulder joint, 
the arm is free to move sideways as well as up and 
down, whereas in the case we have just considered the 
connecting rod is only able to swing in the one way. 
Naturally this does not matter, for, as in driving the 
grindstone, the arm only uses the shoulder joint to allow 
the one sort of motion, so this is all that is required 
in driving the crank. 


CRANK-HEAD BEARINGS, OR ‘‘ BRASSES ” 


We saw, when working the grindstone, that the 
handle, or crank pin, turned round and round in the 
hand, making one complete revolution every time we 
turned the grindstone. 

So in the engine. The crank pin turns round and 
round, while the end of the connecting rod which is 
driving it does not. So the crank pin turns round and 
round in the end of the connecting rod. 

If we simply enlarged the end of the connecting rod, 
and made a hole through it which would fit the crank 
pin, and allow it to revolve inside it, this would work 
all right in the case of an “overhung” crank pin, but 
in the complete crank which we have been considering 
‘it would be impossible to get it on to the crank pin on 
account of the two crank arms, one on either side of the 
crank pin. 

To get over this the enlarged end of the connecting 
rod is cut in two, opposite the centre of the hole, as 
shown at B in Figs. 71 and 72, so that half of the hole 
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is in the solid part of the connecting rod and half in the 
“cap,” as the part which has been cut off is called. 

By means of ‘“crank-head bolts,” CC in Figs. 71 
and 72, these two parts are connected together in such 
a way that the two halves of the hole come exactly 
opposite each other to form one true round hole. 

Fig. 71 shows an end elevation of a crank-head bear- 
ing, or “cbrasses,” (on .thescrank is the crank arm 
nearest us being removed, and Fig. 72 shows the front 
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elevation of the complete crank, with the connecting rod 
attached. So, by removing the cap, the connecting rod 
may be swung into place, with the top half of the hole 
(that in the end of the connecting rod itself) fitting on 
to the top of the crank pin; then the cap is brought into 
place under the crank pin, the bolts are inserted and 
the nuts screwed hard up, and the end of the connecting 
rod becomes to all intents and purposes a solid block 
with a hole in it, encircling the crank pin, which fits 
the hole, but is free to revolve in it. The pressure of 
the steam on the piston can thus be brought to bear 
on the crank pin, and so make the crank shaft revolve. 
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THE GUIDE 


When the pressure of the steam was used, by means 
of the cylinder and piston, to work a pump rod up and 
down to remove water out of a mine, the push and pull 
of the piston-rod on the down and up strokes of the 
piston were in a straight line with the pump rod, so 
there was no tendency to force the rod sideways and 
so bend it when applying the power to work the pump. 

Now, however, when the force of the steam on the 
piston is used to make the crank shaft revolve, the power 
being transmitted from the piston through the piston- 
rod and cross-head, moving backward and forward in 
a straight line, to the crank pin, moving round and 
round in a circle by means of the connecting rod, we 
see that the forces brought into play are no longer 
acting in a straight line, the connecting rod, when push- 
ing or pulling on the crank pin, being at an angle to the 
line of the piston-rod. 

What is the result ? 

Let us take two straight pieces of wood, the one to 
represent the piston-rod and the other the connecting 
rod, and let us drive a nail through the ends of the 
pieces so that they shall be hinged together by the nail 
and free to move, as in thé case of the piston and 
connecting rods, the nail taking the place of the cross- 
head pin. 

If we place these two pieces of wood exactly in line, 
as shown in Fig. 73, where AB represents the piston- 
rod and BC the connecting rod, B being the cross-head 
pin and C the end of the connecting rod attached to 


the crank pin, D, the centre of the crank shaft, being 
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exactly in line with these, then if we push directly down 
or pull directly up on the end A of the piston-rod, 
we see that there is no tendency for the point B to 
move sideways in either direction. This was the case 
with the steam-driven pump rod. 


BEL0e 


Now let us place BC, the connecting rod, at an angle 
to AB, as it would be when the piston was half-way 
through its downward stroke, as shown in Fig. 74. If 
we now push down on A, we find that the point B tends 
to move in the direction shown by the arrow with 
considerable force. The greater the amount the pieces 
of wood are out of the straight line, the greater does 
this force become. Of course the tendency of this push- 
ing down on A would be to cause the crank, if C were 
acting on a crank pin, to revolve in the direction shown 
by the curved arrow. 

Again, if we set the connecting rod at an angle 
on the opposite side, as shown in Fig. 75, then on 
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pulling up on A (as would be the case in making the 
crank revolve in the same direction as before), we find 
that the point B will still tend to force itself over in the 
same direction as in the last case. 

In our engine, then, when driving the crank in one 
direction, whenever the piston is exerting force on the 
crank pin, the cross-head will always be trying to force 
itself over in the same direction, whether on the up or 
on the down stroke, with the result that the piston- 
rod will very soon bend and the engine be rendered 
useless. 

To prevent this, it is necessary to arrange to support 
the rod on that side, but without in any way interfering 
with the free movement of the rod in its up-and-down 
course. 

The simplest way to do this is to fix a strong metal 
plate or beam, called a ‘“ guide,” exactly parallel to the 
piston-rod, and on that side toward which it is tending 
to bend. Then on that side of the cross-head we fix 
a strong metal block called the “guide slipper” or 
“shoe,” which will just bear against the face of the 
guide, and moving backward and forward with the cross- 
head, to which the piston-rod is attached, will prevent 
the piston-rod from being bent, keeping it in its proper 
line without in any way hindering its motion. This 
arrangement is shown in Fig. 76, where 


A. Piston-rod. D Guide. 
B Connecting-rod. E Guide slipper. 
© Cross-head. F Crank. 


The direction of rotation of the crank is shown by the 


curved arrow in the sketch. 
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Of course, as in the case of the thrust block, and itt 
fact, of all bearing surfaces, we have to consider the sub- 
ject of the intensity of pressure between the two rubbing 
surfaces, so that they may be 
efficiently lubricated to prevent 
friction and wear as far as pos- 
sible. So we find that, as the 
“resultant force,” as it is called, 
causing the slipper to press 
against the guide, is very con- 
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siderable, it is necessary to have 


a guide slipper of considerable 


area to distribute the strain 
over sufficient surface of the 
guide. 

This arrangement of guide 
and slipper is perfectly satis- 
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J only revolves in the one direc- 
pant tion; but in a ship the engines 
must necessarily be able to revolve in both directions, 
so as to allow of going astern. 

If we go back to Figs. 74 and 75, and reverse the 
push and the pull on the piston-rod in the two cases 
so as to cause the crank to revolve in the opposite direc- 
tion, then we see that the resultant force tending to bend 
the piston-rod acts in exactly the opposite direction, and 
so our guide, as shown in Fig. 76, is useless for going 
astern. 

Consequently we must fit another guide and slipper to 
withstand this force when going astern. 


The arrangement then becomes as shown in Figen 
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where D’ is the ‘astern guide” and E’ the “astern 


slipper.” 
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So now we have arranged for 
the satisfactory transmission of 
the power of the steam gener- 
ated in the boiler, and acting 
on the piston and forcing it 
up and down in the cylinder, 
through the piston-rod, cross- 
head pin, connecting rod, crank 
pin, and crank arms, to the 
crank shaft, and so through the 
propeller shaft to the screw 
propeller, both for ahead and 
astern. Also we have arranged 
for the admission of steam, first 
to one end of the cylinder, and 
then to the other, and for the controlling of the exhaust, 
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so we can make our propeller revolve and send our ship 
along. 
METHOD OF WORKING THE SLIDE VALVE FROM 
THE CRANK SHAFT 

In a ship it is necessary to be able to work the 
engines in both directions in order to propel the ship 
either ahead or astern at will, and we must be able to 
start with certainty in either direction. 

Can this be done in an engine where the slide valve is 
worked by tappets ? 

Referring back to Fig. 60, we see that when the piston 
has nearly reached the lower end of its stroke, the tappet 
C on the piston-rod engages with the end of the lower 
tappet lever B, and forces the slide valve up, thus open- 
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ing the lower steam port and so sending the piston back 
to the top of the cylinder. Now in Figs. 78 and 79 we 
see that the piston travelling toward the top of the 
cylinder will cause the 
SSREER Ae ee are crank to rotate in the 
pete oases oa direction shown by the 
A+ curved arrows—the direc- 
tion in Fig. 78 being op- 
posite to that in Fig. 79. 
if th ol wer 
ae rey ice pee 
PERCE ECE in the position shown in 
coor ey cam the ei on admitting 
REBRIC..: 280 y = 
steam, say, to the bottom 
of the cylinder, by means 
of the slide valve, the piston would go up, but the crank 
in Fig. 78 would commence to rotate in the right-handed 
direction, or “ with the sun,” while that in Fig. 79 would 
start in the opposite or left-handed direction, and would 
continue so to revolve. 

(We, in the Northern Hemisphere, when facing south, 
see the sun rise in the east or on our left hand, travel 
across from left to right and set on our right hand in the 
west, so this direction of motion is called right-handed or 
‘‘with the sun,” while the other direction is left-handed 
or ‘‘against the sun.”) 

This means that where the slide valve is worked by 
tappets the engine will start off in either direction equally 
easily, and we have no real control over the direction in 
which it is going to start. 

Obviously this would not do, as we would be starting 


our ship ahead when we wanted her to go astern, or v7ce 
78 
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versa. So we must dismiss the tappet as unsuitable for 
ship work, and something must be devised which shall 
be free from this objection. 

Let us first consider how to drive the engine in one 
direction, and in that direction only. 

The direction of motion of the crank being the point 
aimed at, the motion of the crank or crank shaft obviously 
suggests itself as the most suitable source of motion for 
working the slide valve. 

We have seen how reciprocating motion is converted 
into rotary motion by the use of the crank. We now 
want to convert the rotary motion of the crank shaft 
back again into reciprocating motion, to work the slide 
valve. The most natural way to do this would be by 
means of another crank, fixed on the crank shaft, and 
moving the slide valve by means of a connecting rod 
attached to the slide rod. 

As the “travel” (or distance moved from one end of 
the stroke to the other) of the slide valve is quite small 
compared to that of the piston, it is evident that the 
throw of a crank intended to work the slide valve, being 
equal to the half-travel of the valve, will be very much 
less than that of the main crank ; also we must make the 
connecting rod for working the slide rod of such length 
that when the small crank is on its top centre the slide 
valve shall be at the top of its stroke—that is, that the 
bottom steam port shall be wide open to steam, and the 
top port wide open to exhaust. Then, of course, when 
the small crank is on the bottom centre the valve will be 
at the bottom of its stroke—the top steam port open to 
steam to its fullest extent, as the bottom port to exhaust. 

Let us now consider in what position this small crank 
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(which, on revolving with the crank shaft, will cause the 
slide valve to move up and down to the full extent of its 
stroke) must be placed relatively to the main crank to 
make the slide valve work in the necessary manner. 

When the piston is at the top of its stroke, naturally 
the slide valve should be in such a position that it is on 
the point of opening the top steam port to steam, in 
order to send the piston down, and also the lower steam 
port should just have been shut off from steam, and on 
the point of opening to exhaust. We see that this is the 
case in Fig. 56, where the slide valve is in its middle 
position. 

To get the valve in its middle position, the small 
crank must naturally be half-way between its top and 
bottom positions, and as the main crank is in its top 
position, the small crank will consequently be at right 
angles to it. 

The positions of the various parts of the engine would 
then be as shown in Fig. 80, where the slide valve is 
shown on its side instead of flat (as it really would be), 
the better to show its action. The main crank, piston- 
rod, and connecting rod are shown by the dotted lines. 

Now, if we turn the main crank the least little bit in 
the direction shown by the curved arrow, so as to get it 
off the dead centre, we see that the small crank moves 
downward, thus pulling the slide valve down and open- 
ing the top port to steam. This forces the piston down, 
and the main crank moves on in the same direction as 
we started it in. The small crank also moves in the 
same direction—that is, down—and so opens the steam 
port wider and wider as the piston approaches the middle 


of its stroke. When the main crank has moved to the 
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position shown in Fig. 81, the small crank will have 
reached the bottom of its stroke and the steam port will 
be wide open, while the 
lower port will be wide 
open to exhaust. 

Then, as the main crank 
moves on towards the 
bottom dead centre, the 
small crank will be forcing 


the slide valve up again, 


and gradually closing the 


top port from steam and 


the bottom from exhaust. 
When the main crank 
reaches the bottom centre, 
the small crank will have 
pushed the slide valve up 
into its middle position 


and shut off both steam 
BEES it 
and exhaust, and the en- aa G 
gine will be ready to start He or 
off on its return stroke. NS 


Now let us suppose that aay Sata: 


when turning the engine 

off the dead centre we had turned it in the opposite direc- 
tion to the arrow; the small crank would then, instead of 
moving down and opening the top port to steam, to send 
the piston down, have opened the bottom port, and so 
admitted steam under the piston, which would have gone 
up again and so shut off the steam. So the engine 
would be unable to start in that direction at all. We 


can see by studying the sketches that this would be the 
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case from whatever position we tried to start the 
engine. 

When the slide valve was moved back and forth by 
means of the tappets, we saw that the steam and exhaust 
ports were opened to their fullest extent almost instan- 
taneously, thus allowing a very free passage for the 
steam into the cylinder from the very commencement 
of the stroke. 

Now, however, with the slide valve worked by the 
small crank, we see that the opening of the ports is 
gradual, and that when the piston is near the end of the 
stroke, the ports are but little open. This would appear 
to be wrong, but as a matter of fact, it does not matter 
at all for the following reasons— 

The speed of the piston varies very largely during 
the stroke, the piston actually coming to a standstill at 
either end. Consequently the rate at which the steam 
must enter the cylinder to drive the piston also varies 
largely during the stroke—from nothing when the piston 
is at the end of the stroke to a maximum when at the 
middle. 

The speed of the slide valve also varies largely during 
the length of its travel, as it is driven by a crank. 

It also comes actually to a standstill as its small 
crank passes over either dead centre, the valve being 
at the end of its travel, and the ports wide open. 

When the piston is at the middle of its stroke, and so 
requiring much steam to drive it, we see that the small 
crank is at one or other dead centre, the valve at the end 
of its travel, and so the steam and exhaust ports wide 
open, which is exactly what we require. 


Though the piston is moving at its fastest, the slide 
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valve is moving at its slowest, and the ports remain 
practically wide open until the piston slows down toward 
the end of its stroke, by which time the small crank will 
have come round nearly to its mid-position, exercising its 
fullest. effect in moving the slide valve, which conse- 
quently rapidly shuts off steam from the one end of the 
cylinder at the time that the piston is requiring but little 
to drive it, and again rapidly opens the steam port to the 
other end before the speed of the piston has yet become 
considerable. 

Generally, when the piston is moving rapidly, necessi- 
tating a large flow of steam into the cylinder, the steam 
port is open to a considerable extent, while when the 
piston is moving slowly and but little steam is required, 
the ports, though partially closed, are yet sufficiently 
open to allow as much steam as is needed to pass. 

Consequently the arrangement of the small crank set 
at right angles to the engine crank gives us a perfectly 
satisfactory distribution of steam to make the engine run 
smoothly, and entirely gets over the difficulty found with 
the tappets in not being able to make sure of the engine 
starting off in the desired direction, as it cannot by any 
possibility move except in the one direction. 

As it is still necessary to be able to “reverse” the 
engine, it is quite obvious that we must have another 
similar small crank set at right angles to the engine 
crank, but on the opposite side, to work the slide valve 
when the engine goes in the opposite direction. Then 
by putting one or other of these two small cranks in 
connection with the slide valve, we can make absolutely 
certain of the engine going in the right direction. 
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THE ECCENTRIC 

Though a small crank would work the slide valve 
perfectly satisfactorily, there would be some very serious 
objections to its use in an engine, especially in a ship, 
where space is so valuable. As there are generally two 
or more cylinders—each with its own separate crank 
acting on the same propeller shaft—it follows that the 
power of the foremost cylinder would have to be trans- 
mitted through the small crank for working the slide 
valve to that part of the crank shaft abaft it. Con- 
sequently that small crank would have to be made very 
strong and thick to withstand the strain, though the 
strength would not be needed for the actual working 
of the slide valve. 

Strength means weight, and also space, which can ill 
be afforded, so the ‘“‘ eccentric ” was devised to get over 
both of these objections. 

The eccentric is really nothing more nor less than a 
crank pin of very large diameter, so large, in fact, that 
there is room for the crank shaft to be continued right 
through it, this crank pin com- 
bining in itself both crank pin 
and crank arms. 

We can see, in Fig. 82, that 

A i if A be the centre of the crank 
ry uence shaft, and B the centre of the 
crank pin, AB being the throw 
of the crank, it matters not in 
the least, so far as the result is concerned, what the 
size of the crank pin may be—the slide valve will be 
moved through exactly the same distance by the very 
large crank pin as by the small one. 
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Thus Fig. 83 shows the ordinary crank, with the 
throw AB, the crank pin being the same size as the 
crank shaft. 

Fig. 84 shows the same crank, but with a much larger 
crank pin, the throw A B still remaining the same. 
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In Fig. 85 the crank pin is still further enlarged, 
to such an extent as entirely to cover the crank arms 
—but the throw still remains the same, namely, AB, 
the distance from the centre of the crank shaft to the 
centre of the crank pin. Now, as the crank arms are 
entirely covered by this very big crank pin, they become 


HEE Par ep rete | 
—— = eee See ee S.— 


VY Fl 
NAA 
ANENG 707 /AmI 
AN AA 
Pe | SE ae 


FIG. 85 FIG. 86 


unnecessary, and so can be done away with, the big 
crank pin only remaining, as shown in Fig. 86. 
In actual practice, instead of making this big crank 


pin on the shaft, a flat round disc of metal of the 
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same diameter CD is used, a hole the size of the 
shaft being made through it, with the centre Agand 
through this hole the shaft passes, the disc (which is 
called an eccentric) being firmly secured to the shaft so 
that it cannot move on it and will go round with it. 
The distance AB, which is the throw of the crank 
necessary to work the slide valve, in the eccentric is 
also called the throw, or the ‘equivalent crank arm.” 

In a crank, the end of the connecting rod which is 
attached to the crank pin is furnished with a ‘‘crank- 
head bearing” in which the crank pin revolves. So 
with the eccentric, a bearing similar in principle is re- 
quired for connecting the rod which works the slide rod 
to the eccentric. 

In this case, however, the power to be transmitted is 
comparatively small, so this bearing, instead of being 
very heavy and strong as is the crank-head bearing, is 
quite light, and forms practically a strap, encircling the 
eccentric. 

The rod connecting this “eccentric strap” to the 
slide rod is called the ‘eccentric rod.” 


The arrangement of the 
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its two strong arms and its pin, for working the slide 
valve, we save a deal of valuable space, we greatly 
reduce the weight, and also the cost of manufacture. 

As two of these eccentrics are required, the one for 
working the slide valve when going ahead, and the 
other when going astern, this saving is a very im- 
portant matter. 


ARRANGEMENT FOR CONNECTING EITHER ECCENTRIC 
ROD TO THE SLIDE ROD 

The first plan used for this purpose was somewhat 

crude. When it was necessary to reverse the engine, 

the eccentric rod which had been working the slide 

valve was disconnected, and 
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gether at the top ends, and by means of the lever A 
the gab of either eccentric rod could be brought into 
connection with the pin B on the slide rod C, and so 
work the slide valve. The spurs D D above the gabs 
merely served to guide the gab on to the slide-rod pin. 

This was a very poor arrangement, as when reversing 
the engine, for a time the slide valve was entirely out of 
control, not being connected with either eccentric. If 
the engine should stop with neither eccentric connected, 
it had.to be turned by hand until the right eccentric was 
connected by means of its gab. 

Stephenson, who built the first locomotive, solved this 
problem by means of what is known as ‘‘Stephenson’s 
Link Motion,” by means of which the slide rod was 
never out of connection with the eccentrics. 

This arrangement, 
Site + shown in Fig. 89, is still 
Spt eee HH very largely used, the 
SKE ES most modern arrange- 
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ments being merely ad- 


aptations of his plan. 
He simply linked the 
top ends of the two ec- 


centric rods together by 
means of a plate called 


the “link,” and in this 
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called the “link block,” and in this block worked a pin 
on the end of the slide rod C. 

So the slide valve always being in connection with the 
link block, was also always in connection with both 
eccentrics, the eccentric rods being attached to either end 
of the link by hinge pins. By means of a “ drag link” D, 
worked by a suitable lever, the link could be “dragged” 
over so as to bring the end of either eccentric rod 
directly beneath the link block, and so put the slide valve 
in direct communication with either eccentric, by which 
means the engine could be made to go either ahead or 
astern, or could be reversed without shutting off steam. 

With this arrangement both eccentrics were always 
more or less acting on the slide valve, as even when the 
one eccentric rod was directly beneath the link block, 
the other eccentric was also acting on it through the - 
swaying motion imparted to the link. This, as will be 
seen later on, was really rather a good thing, as when 
working at low powers an economy of steam could be 
effected. 

Another very valuable point is gained by this arrange- 
ment. By “middling the link,” that is, bringing it into 
its middle position, both ahead and astern eccentrics will 
be brought equally into action on the slide valve, and so 
the engines can be stopped without even shutting off the 


steam. 
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“EXPANSIVE” WORKING OF THE STEAM ENGINE 


E must now go back a long way—to Boyle's Law, 

treating of the relation between the pres- 
sures and volumes of gases. In Fig. 50 we have a 
diagram showing the pressures on a piston working in a 
cylinder 1 ft. in sectional area, into which was introduced 
1 cubic foot of steam at a total pressure of 150 lbs. per 
square inch, or 135 lbs. above atmospheric pressure. 
When the piston is at 1 ft. distance from the back 
end of the cylinder, that is, when the space behind it is 
the original 1 cubic foot taken up by the steam, press- 
ing outward in all directions with a force of 150 Ibs. on 
every square inch of area, this steam pressure tends to 
move the piston along the cylinder with a: force of over 
9 tons. 

As the piston travels along the cylinder, the steam 
behind it expanding into the larger space, the pressure 
falls as the space increases, and when the piston has 
moved a foot further along the cylinder, giving double 
the space for the steam, the pressure has fallen to half of 
the original pressure, that is, 75 lbs. per square inch, 
and the force with which it is now tending to move the 
piston further along the cylinder is still nearly 5 tons. 
When the piston has moved 2 ft. further still, and 
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the steam has expanded into four times the original 
volume, the pressure is 1}°= 374 lbs., exercising a force 
of nearly 24 tons on the piston, and so on. In each of 
these cases, the effective force on the piston must be 
reduced by nearly a ton, on account of the 15 lbs. pres- 
sure of the atmosphere acting on its face, and working 
against the steam pressure on its back. 

In our steam engine, with the simple slide valve, we 
admit steam at boiler pressure into the cylinder through- 
out the stroke, so when the piston reaches the end of the 
stroke we have the cylinder full of steam at boiler pres- 
sure. The slide valve now opening the exhaust to allow 
of the return stroke, lets this cylinder-full of steam at a 
high pressure, and which is still capable of doing a deal 
of work, escape to the atmosphere—all the power con- 
tained in the steam being wasted. To reduce this waste, 
or rather, to turn into useful work a larger proportion of 
the power contained in the steam, we must arrange to 
utilise this expansive force of the steam. 

Considering our cylinder in Fig. 50, with the total 
pressure of 150 lbs. per square inch, or ten atmospheres, 
when the piston has travelled 9 ft. further along the 
cylinder, thus leaving a space of 10 cubic feet behind it, 
the steam will have expanded to ten times its original 
volume, and the pressure will have fallen to one-tenth of 
the original pressure, or one atmosphere, and so it will 
be unable to drive the piston any further, the pressure 
on either side now being the same. 

In our engine, if we were using steam at 150 lbs. total 
pressure, or 135 lbs. above the atmosphere, as shown by 
the pressure gauge, and were to ‘‘cut off” when the 
piston had only moved one-tenth of its stroke, then by 
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the time the piston reached the end of its stroke, the 
pressure would have fallen to one-tenth of the original 
150 lbs., that is, it would have fallen to 15 lbs. or one 
atmosphere, and would be exercising no force at all on 
the piston, as the 15 lbs. pressure of the atmosphere is 
all the time acting against it on the front of the piston. 

We would have used up all the available power in our 
one-tenth of a cylinder-full of steam. 

In the diagram given in Fig. 90, the length of the 
diagram representing the length of the stroke, and being 
divided into ten equal parts, we see how the pressure 
falls during the stroke, the pressure at any point of the 
stroke being shown by the height of the curve EC above 
the base line. 

Let us, with the aid of this diagram, study what 
happens as regards the power to be obtained from the 
steam. 

Let us apply this in a particular case—our cylinder 
in Fig. 50, of 1 square foot sectional area and to ft. 
long. Suppose we had admitted steam throughout the 
stroke, then we would, for each stroke of the piston, 
have used 10 cubic feet of steam at a total pressure of 
150 lbs. per square inch. The force exercised on the 
piston, due to this pressure of 150 lbs., would be 


144 x 150= 21,600 lbs. 


Against this would be acting the pressure of the 
atmosphere, so we must deduct 


144 * 15=2,160 lbs., 


giving us an actual forward or “effective” pressure on 
the piston of 
21,600 — 2,160= 19,440 lbs, 
92 
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So our 10 cubic feet of steam at the total (or “abso- 
lute”) pressure of 150 lbs. would be able to lift a weight 
of 19,440 Ibs. from the bottom to the top of the cylinder, 
if it were placed vertically, a distance of 10 ft. 

The “British unit of work,” to which all power is 
compared, is “the work done in lifting a mass Ot. AB: 
avoirdupois through a height of 1 foot,” and this is 
called a ‘‘ foot-pound.” (As an illustration, suppose our 
weight to be 8 stone, or 112 lbs., then the work we do in 
climbing up a hill roo ft. high is 112 x 100=11,200 
foot-pounds. ) 

In the case of our cylinder, then, the work done by 
the 10 cubic feet of steam would be 

19,440 x I10=194,400 foot-pounds, 
and this would be represented on our diagram (Fig. 90) 
by the area of the rectangle A BC D. 

Now let us consider what happens when we cut off the 
steam when the piston has travelled through one-tenth of 
its stroke. The amount of steam used for each stroke 
of the piston would be 1 cubic foot. 

For the first one-tenth of the stroke, the piston would 
exercise a forcé of 144x150-—144x 15=19,440 lbs., and 
so would do 19,440 foot-pounds of work. 

In the second tenth of its stroke, the force on the 
piston would commence by being 19,440 lbs., as the 
pressure of the steam was the full 150 lbs. ; but by the 
time the piston reached the end of the second tenth, 
the pressure would have fallen to 75 lbs., and the force 
on the piston would then be only 8,640 lbs. By the 
time the piston had reached the end of the fourth tenth 
the pressure would have fallen to 37°5 lbs., giving an 
effective pressure on the piston of 37°5-—15=22°5 lbs. 
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per square inch, with an effective force of 144x 22's 
= 3,240 lbs. 

At the end of the eighth tenth, the pressure would 
have fallen to 18°75 lbs., giving an effective pressure of 
18°75 ~15=3'75 lbs., and an effective force on the piston 
Of_144-% 3°75 =540 lbs. 

Finally, at the end of the stroke, the pressure having 
fallen to 15 lbs., the effective pressure would be 15—~15=0 
lbs., and there would be no effective force at all on the 
piston. 

So, for the last nine-tenths of the stroke, the effective 
pressure on the piston would be the average of the 
effective pressures at all times during that part of the 
stroke, and the average force on the piston would be this 
average pressure x 144. 

Working out the average pressure from the diagram 
in the usual way, by adding all the “ordinates” together 
and dividing the sum by their number, we find this 
pressure to be 37'1 lbs., which gives us an average effec- 
tive pressure on the piston of 37°1 -15=22'1 lbs. 

As this is the average force acting through nine-tenths 
of the stroke or 9 ft., the work done by the one-tenth 
cylinder-full of steam (1 cubic foot) in expanding down 
from the original pressure of 150 lbs. to the pressure of 
the atmosphere is 3,182 x 9 = 28,638 foot-pounds. 

In the diagram this amount of work is represented by 
the area of the figure ECF. 

We saw that during the first tenth of the stroke (at 
the end of which the steam was cut off) the work done 
was 19,440 foot-pounds. To this we must now add the 
28,638 foot-pounds of work done by the expansion of the 
steam after it was cut off, giving us a total of 48,078 

95 


Elementary Steam Engineering 


foot-pounds as the amount of work 1 cubic foot of steam 
at 150 lbs. absolute pressure is theoretically capable of 
doing, when expanded down to atmospheric pressure. 

As the same quantity of steam, used non-expansively, 
is, we have seen, capable of doing only 19,440 foot- 
pounds of work, we see what a large amount of power is 
wasted by not utilising this expansive force. 

In actual practice, a number of points which will be 
considered later greatly affect this result, making it 
impossible to use nearly such a high “ ratio of expansion ” 
as we have taken here—that is, we cannot, in a simple 
engine of the type we have considered so far, satisfac- 
torily get the work out of the steam by “cutting off” as 
early as one-tenth of the stroke and letting its expansion 
send the piston along through the remaining nine-tenths 
of the stroke. 

These practical considerations set the most suitable 
point for the “cut off” at somewhere near the middle of 
the stroke. 


ARRANGEMENT OF THE SLIDE VALVE FOR EXPANSIVE 
WORKING 

In order to cut off the steam before the piston reaches 
the end of its stroke, the slide valve is made wider, so 
that when it is in its middle position it will overlap the 
steam ports in the cylinder face, as shown in Fig. 91, 
the throw of the eccentric being increased to the same 
amount as the slide valve overlaps the ports, in order 
that the ports shall open to the same extent as before, 
when the valve is at the end of its stroke. 

Obviously, then, the steam port will be shut off by the 
slide valve before it reaches its middle position, and so 
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before the piston reaches the end of its stroke, and the 
piston then will be driven for the rest of the stroke 
by the expansive force of the steam in the cylinder ; 
when it reaches that point, the slide valve, having reached 
its middle position, will open the exhaust to allow of the 
return stroke. But owing to the overlapping of the 
slide valve beyond the steam port (the amount of which 
overlap is called the “lap” of the slide valve), the steam 
port will still be closed, and there will be no steam to 
start the piston on its new stroke. Naturally this would 
not do, so, in order to bring the valve into position to be 
on the point of opening the port to steam, it is evident 
that we must pull the slide valve down to an amount 
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equal to the lap (if the piston be considered as at the top 
end of the cylinder). 

This will bring the top edge of the slide valve level 
with the top edge of the upper steam port, and so, on 
moving the engine off the dead centre in the right 
direction, the port will at once commence to open to 
steam. 

To find how far the eccentric must be advanced 
beyond the right angle ahead of the crank, let us mark 
on a vertical line beneath A, the centre of the crank 
shaft, and thus directly opposite the crank, which is on 
the top dead centre, a distance A B equal to the lap of 
the slide valve, as shown in Fig. 92. From this point 
mark a horizontal line BD, cutting at D, a circle marked 
on the end of the crank shaft, and representing the circle 
described about the centre of the crank shaft by the 
centre of the eccentric, the radius of this circle being 
equal to the throw of the eccentric. 

Then, if we twist the eccentric round on the shaft 
until its centre coincides with this point, and fix it in that 
position, the slide valve will have been lowered by the 
desired amount, and the upper steam port will be just 
opening to steam, being in the position shown in Fig. 92. 

In this operation, if the circle described about the 
centre of the crank shaft by the centre of the eccentric 
be larger than the end of the crank shaft, the circle, 
instead of being marked on the end of the crank shaft 
itself, must naturally be marked on the eccentric, and the 
line AD, marked on the crank shaft, to act as a guide in 
setting the eccentric in the right position. 

Let us now consider what other effects this ‘“advanc- 
ing” of the eccentric beyond the right angle ahead of the. 
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crank will have, beside the causing the steam port to 
open at the commencement of the stroke. 

The point of admission we have made the same as 
before, and the point of cut-off is earlier. On the inside 
or exhaust side of the valve, where no alteration has 
been made as regards the shape of the valve, the effects 
of the motion of the valve are felt earlier with respect to 
the position of the piston. So, instead of the exhaust 
closing when the piston comes to the end of the stroke, 
it does so some time before, and naturally also the pres- 
sure driving the piston forward is relieved earlier by the 
opening of the exhaust. 

We have seen what is effected by the advancing of 
the eccentric as regards the admission and cut-off of the 
steam. 

What are the effects of the earlier closing of the 
exhaust port on the side toward which the piston is 
moving and the opening of that on the other side? 

We know what happens when we collide with some- 
thing solid, when moving at any speed. Well, the piston, 
piston-rod, and connecting rod, weighing, in a large 
engine, a matter of some tons, are moving decidedly 
fast before they reach the end of the stroke, and the 
strain on the crank-head bolts and other parts of the 
engine consequent on the sudden stoppage and reversal 
of this heavy mass moving at considerable speed, would 
be enormous, and would not tend to turn the crank, 
so would be doing no useful work. 

So the early closing of the exhaust is decidedly 
useful. 

The steam (at low pressure) behind the piston, being 
unable to escape, is “ compressed” by the moving piston, 
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and consequently its pressure increases as its volume 
is reduced, and it acts as a “cushion” or buffer, which 
checks the momentum of the heavy moving mass 
gradually, instead of letting the crank head do it 
suddenly, and so reduces the strain on the parts of the 
machinery in the same way that a mattress in the 
gymnasium checks the speed of our fall gradually when 
we make a mistake on the horizontal bar. 

Similarly, the earlier opening of the exhaust is a good 
point, as it has the same result, to a certain extent, as 
has “compression,” which is the name given to the 
squeezing up of the remains of the exhaust steam on 
the side toward which the piston is moving. 

By this early “release” the pressure tending to drive 
the piston forward is relieved, and so, with the help 
of the compression or ‘cushioning,’ the shock due to 
the stoppage of the motion of the piston is reduced 
almost to nothing. 

The early release can very easily be carried too far, 
however; too much of the useful power of the steam 
may be lost, and so to prevent release happening too 
soon the slide valve is made with a certain amount of 
lap on the inside, or exhaust side, as well as on the out, 
or steam side. 

Naturally this is called ‘inside lap,” and is also useful 
in making compression take place somewhat earlier still, 
which further increases economy, as the cushioning of 
the remains of the exhaust steam fills the port and 
“clearance space” at the end of the cylinder with steam 
at or about the full working pressure, ready to assist 
the new steam which enters on the opening of the 


steam port to start the piston on its return journey, 
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and so saving that amount of new steam and effecting 
a considerable saving of fuel. 

So we see that the four duties of the slide valve are 
_ carried out in the following order— 


(1) Admission. (3) Release. 
(2) Cut-off. (4) Compression. 


LEAD 


We have seen that cushioning checks the momentum 
of the moving mass of piston and rods, but the pressure, 
unless the exhaust be closed very early, does not rise 
high enough to do this as thoroughly as it should do, 
the space into which the remains of the exhaust steam, 
at exhaust pressure, is compressed, being considerable, 
including as it does, not only the clearance space 
between the piston and the cylinder end at the end 
of the stroke, but also the steam port (as far as the 
valve face), which practically forms part of the cylinder. 

So it is found necessary to open the steam port to 
steam a little before the piston reaches the end of the 
stroke, so that the full pressure of the steam shall be 
used to check the piston. 

To do this the eccentric is still further ‘‘advanced” 
ahead of the crank. So, when the piston reaches the 
end of its stroke and the crank is on its top dead centre, 
the slide valve will be below its mid-position by an 
amount equal to the lap added to the amount the steam 
port is open at that time. 

To find the proper position for the eccentric on the 
crank shaft on the same method as we employed in 
Fig. 92, we mark, in Fig. 93, on the vertical line X Y 
and below A, the centre of the crank shaft, X A being 
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the crank, in addition to the distance AB, which equals 
the lap, a further distance B C, equal to the amount 
we wish the port to be 
open to steam when the 
piston reaches the end of 
the stroke (this amount is 
called the “lead” of the 
slide valve), and through 
the point C draw the hori- 
zontal line CD, cutting 
the circle described by the 
centre of the eccentric at 
D. Then A D will be the 
position of the throw of 
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the shaft with its centre 
at the point D. 

The angle ZA D, which is the angle the eccentric 
throw is in advance of the original right angle ahead 
of the crank, is called the ‘angle of advance,” or 
‘angular advance,” of the eccentric. 


FIG. 93 


Naturally this further advance of the eccentric causes 
all the operations of the slide valve to take place still 
earlier in the stroke. Thus, beside the main object of the 
extra advance—earlier admission—we also get earlier cut- 
off, release, and compression, with a corresponding in- 
crease of economy and diminution of shock to the parts of 
the machinery. 

THE TWO-CYLINDER ENGINE 
So far we have considered the engine as having only 


one cylinder, though by having the second crank arm 
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and the continuation of the crank shaft beyond the 
crank, we have made allowance for another cylinder 
to be arranged conveniently near the first one. 

The object of a second cylinder acting on the shaft 
is, primarily, to get more power to bear on the one 
shaft than can conveniently be given by one cylinder, 
on account of the size this cylinder would require to be. 

In addition to this there are also other and very 
important purposes served by having a second cylinder. 

When the simple slide valve was used, having neither 
lap nor lead, and admitting steam throughout the stroke, 
the engine was always in a position to start, except 
when the crank was exactly on either dead centre, as 
one or other steam port was always more or less open 
to steam, and so ready to start the piston moving, 
except at these two points. It was a comparatively 
simple matter to avoid stopping the engine on the dead 
centres, and so there was seldom any difficulty about 
starting. 

Now, however, with the slide valve having both lap 
and lead, it is quite a different matter, as for a con- 
siderable part of the stroke both steam ports are entirely 
closed, and so the engine is unable to start. Also, owing 
to the steam being used expansively, for the sake of 
economy, the force exerted by the piston is much 
less toward the end of the stroke than at the be- 
ginning, with the result that the crank shaft would 
move jerkily—to get over which a heavy fly-wheel 
is needed, the momentum of which will take up power 
when the force is great, to give it back again when 
it is small, thus causing the shaft to revolve more or 
less steadily. Also, when working very slowly, the 
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momentum of the fly-wheel is required to carry the 
engine over the dead centres. 

When two cylinders are used, if the cranks be ar- 
ranged opposite each other, as shown in Fig. 94, the 
power will be doubled all right, but there will be the 
same difficulties as before, as both cranks will be on 
dead centre at the same time, and both pistons will 
be exerting their maximum, as also their minimum, 
force at the same time. We can get very much 
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more benefit from the use of the two- cylinders than 
the mere doubling of the power, and that without sacri- 
ficing anything. 

We arrange the cranks at right angles to each other, 
as shown in Fig. 95. Then we see that when the 
crank A is on dead centre, B is in the middle position, 
and the piston acting on it to the best advantage, 
and with its maximum force. So B helps A over its 
difficulty. Also, when the piston acting on B is getting 
near the end of its stroke, and its force has consider- 
ably diminished, that acting on A will be nearing its 
mid-position, and so acting at its best advantage. 
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Thus the total force from the two cylinders, making 
the crank shaft revolve, becomes practically constant, 
and the engine works steadily. 
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Another very important advantage is gained, in that 


when the engine is stopped and we wish to start It, 
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if the slide valve of A’s cylinder is in such a position 
as to shut off steam from both ends of the cylinder, 
then the slide valve of B’s cylinder will be in position 
to admit steam to one or other end of its cylinder, 
and the engine will start and move until A’s slide 
valve uncovers a steam port, when A’s cylinder also 
will commence to work. So, with the two-cylinder 
engine, with the cranks at right angles, it will start 
from any position, as each cylinder with its own crank 
and slide valve forms a complete engine entirely 
independent of the other, and ready to help it over its 
dead centres and shut-off positions. 

The general arrangement of a two-cylinder simple 
engine is shown in Fig. 96. 

This brings us up to the modern steam engine, of 
the type used in most locomotives, and in many land 
engines where a plentiful supply of water is not avail- 
able for utilising the power still remaining in the steam 
when it reaches atmospheric pressure, by removing even 
this pressure from the front of the piston on the return 
stroke by reducing the volume of the-1o cubic feet of 
steam at atmospheric pressure, or 15 Ibs., in Fig. 90 
(representing a force of nearly a ton on the piston), 
back again to the original to cubic inches of water from 
which we started, and so leaving a ‘“‘ vacuum,” or void, 
of nearly 10 cubic feet into which the piston can travel 
back without any resistance at all, a power represented 


in Fig. 90 by the area of the rectangle beneath the 
‘atmospheric line.” 


106 


Ci AT GE Keay 
DETAILS OF THE MECHANISM 


if AVING now briefly sketched the general princi- 
ples on which the steam engine is constructed 
and the manner in which it works, we are in a position 
to consider in greater detail the various parts of the 
engine and how they are made to work in practice. 


THE PISTON 

When considering the piston working steam-tight in 
the cylinder, in Fig. 48, we said that the piston was 
made to fit the cylinder so perfectly that no steam 
could leak past it, yet the piston was perfectly free 
to move along the cylinder without offering any re- 
sistance through its friction with the walls of the 
cylinder. 

This is manifestly impossible, for even supposing that 
this perfect fit could be obtained, when the cylinder and 
piston were heated to the temperature of the steam the 
expansion of the metal of the piston and the cylinder 
would not be so perfectly even but that either the piston 
would be slack in the cylinder and allow steam to leak 
past, or else it would be so tight that the friction would 
cause great resistance to the movement of the piston 
along the cylinder, or even prevent the piston from 


moving at all. 
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To get over this it is necessary to make the piston 
“elastic,” so that it will yield and become smaller if it 
be too tight in the cylinder, and expand or become 
larger if it be too loose, thus keeping a steam-tight 
joint. 

PISTON PACKING RING OR SPRING RING 

In practice, the “body” of the piston is made such 
a free fit in the cylinder that it never actually touches 
the sides at all. The actual steam-tight joint between 
the piston and the sides of the cylinder is obtained by 
means of a “ floating” elastic ring, called a ‘“‘ packing 
ring” or ‘‘ spring ring,” practically forming a part of the 
piston, but free to open and close to a limited extent, 
and kept pressed out against the sides of the cylinder 
by means of springs between it and the body of the 
piston. 

This ring is made a little larger in diameter than the 
cylinder, and a small piece is cut out of its circumfer- 
ence in a slanting direction, so that it can be “ sprung” 
into the cylinder, when the ends of the ring come very 
nearly together, and the ring, owing to its larger 
diameter, tends to spring out and fit closely against the 
sides of the cylinder, so making the necessary steam- 
tight joint, being assisted in this by the “piston springs” 
mentioned above. 

If merely a groove were cut round the circumference 
of the piston to receive this ring, the ring could not be 
got into its place in the piston, so, to allow this to be 
done, the groove is made one sided, and a strong metal 
ring, called a “junk ring,” is fixed to the other side of 
the piston by means of nuts on studs screwed into the 


body of the piston, so that it practically forms a part of 
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the body of the piston and keeps the packing ring in 
place. ) 

If steam were to leak in between the body of the 
piston and the back of the ring, the pressure of the 
steam would tend to expand the packing ring out 
against the sides of the cylinder with such force as 
to cause great friction, wasting much power, and rapidly 
wearing out both ring and cylinder. To prevent this 
from happening, the joint between the junk ring and the 
body of the piston is made steam-tight, and the ring 
is made to fit the sides of the groove so perfectly that 
though it is free to move, yet steam cannot leak in 
behind the ring. 

Es the ring wears, the opening where it is cut 
naturally becomes wider, and steam would leak through 
to the other side of the piston and also in behind the 
ring. 


FIG. 97 


To prevent this, a plate A in Fig. 97 is fixed by bolts 
C C to one end of the packing ring behind E F, the cut 
in the ring, and on this plate is a ‘‘tongue-piece” B, 
fitting into a groove cut part in each end of the ring. 
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This allows the ring to expand, but prevents the steam 
from passing. 

The arrangement of such a piston is shown in Figs. 
98 and 99, where A is the body of the piston, B the 
packing ring, C the junk ring, D the piston springs, E 
the studs for securing the junk ring, and F the tongue- 
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There are many other forms of packing ring beside 
this broad one shown in Figs. 98 and 99. For high 
pressures, it is more usual to have a number of narrow 
rings instead of the one broad one. These narrow rings 
do not always have springs behind them, to keep them 
pressed out against the sides of the cylinder, but trust 
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only to the spring in the rings themselves. Such rings 
are generally made of steel or phosphor bronze (a 
specially hard and elastic kind of bronze). 

The arrangement of a piston with narrow rings is 
shown in Fig. 100. In comparatively small pistons, 
these rings are often simply sprung into grooves turned 
in the circumference of the piston, when the junk ring 
is dispensed with. In this case there is no tongue-piece, 
the cuts in the different rings being so placed that they 
shall not come opposite each other. Piston rings of this 
type are known as “Ramsbottom” rings, the arrange- 
ment, being shown in Fig. 101. Narrow rings are now 
very generally made so that they cannot spring out more 
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than a fixed amount: one way of doing this is shown in 
Pig 102: 

This settles es point of how the piston is made to 
work steam-tight in the cylinder, and to remain steam- 
tight even when worn. 


METHOD OF SECURING THE PISTON ON THE ROD 


The piston is. secured to the piston-rod much in the 
same manner as is the propeller to the shaft (Fig. 36), 
namely, by making a cone at the end of the rod, on 


which cone the piston is held by a nut. As there is 
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practically no tendency for the piston to twist round on 
the piston-rod in Fig. 98, only a small “stop,” K, is 
used, instead of the big ‘“‘key” in the case of the pro- 
peller, which had to transmit the whole of the torsion of 
the shaft to the propeller. 

Also it is usual to have a “collar,” L, on the piston- 
rod, against which the under side of the piston bears, so 
that when the piston-rod nut H is screwed hard home, 
the piston cannot be forced along the cone. To prevent 
the nut from ‘‘slacking back,” a pin, M, is put through a 
hole in the end of the rod, half fitting into grooves in the 
face of the nut. 


STUFFING BOXES AND GLANDS 


The next detail we must consider in the practical steam 
engine is the matter of how the piston-rod is made to work 
steam-tight through the end of the cylinder in Fig. 52. 

This is done, as in the case of the piston, by means of 
packing ; of course it cannot be done by making the 
piston-rod expand outward to fit the hole, as did the 
piston, so the packing is arranged to squeeze inward 
against the rod, and instead of moving back and forth as 
does the piston packing ring, is fixed in a ‘‘ box” called 
a ‘“‘stuffing-box” in the cylinder cover. The hole through 
which the piston-rod passes is made to fit the rod for a 
short distance only, being bored out considerably larger 
than the rod for some distance, leaving an “annular” 
space round the rod. Into this space, which is really a 
round box, is “stuffed” the packing, which is of some 
soft and easily compressible material, with a certain 
amount of elasticity, made into a sort of rope, for 
convenience, 
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This material must of course be able to stand the heat 
of the steam, and the friction of the rod as it works up 
and down through it. 

To keep the packing in the stuffing box, and squeezed 
in against the rod, a “gland” is fitted round the rod and 
is inserted into the mouth of the stuffing box, which it 
fits, and by means of studs and nuts, it is forced against 
the packing. 

It is usual in all large work, and also in most small, to 
fit a ‘‘neck bush” of gun metal in the bottom of the 
stuffing box, this neck bush being a slack fit on the rod 
and acting as a sort of guide for the rod. If the rod 
should touch the neck bush, the gun metal, being softer 
than the rod, will wear away 
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the tendency is, on screwing 


up the gland by means of 
the nuts~C ©. not only ‘to 
compress the packing but este: 


also to force it in against the 
rod by the wedge action of these faces. 

Generally, this is the arrangement adopted to make the 
“joint” where a rod has to work through a cover or 
plate on one side of which the pressure is greater than 
on the other, whether that pressure be of steam, water, 
or air. 

In the case of the propeller shaft passing through 
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the stern of the ship, in Fig. 37, a tube called the 
“stern tube” is fixed into the framework of the stern 
of the ship, this stern tube acting as a bearing to support 
the weight of the shaft and the propeller, and the water 
is prevented from passing between the shaft and the 
tube by means of one of these stuffing boxes and glands, 
arranged at its inner end, the packing used in this case 
being “gasket” or soft woven hemp rope, generally of 
square section, and soaked in tallow. 

Naturally it is of the utmost importance that the 
gland be forced forward evenly on all sides. In small 
glands, where there are only two studs and two nuts 
to screw up, as in Fig. 103, this is easily done by 
giving exactly the same number of turns to each nut, 
a little at a time, first on one and then on the other, 
the gland “canting” slightly as each nut is screwed 
forward. 

In large glands, where four or more studs and nuts 
are used, this would be by no means an easy matter, so 
each of the nuts is made into a small cog-wheel and a 
large toothed ring is fitted on to the face of the gland, 
as shown in Figs. 104 and 105, concentric with the rod, 
and free to revolve. 

The teeth on this ring engage with the teeth of each 
of the nuts, so it is evident that by turning any one of 
these nuts the ring will be made to revolve, and will 
in turn cause all the other nuts to revolve to exactly the 
same extent as the one we screwed up with the spanner, 
and the gland will be forced forward evenly. It would 
often be extremely awkward to get at the back nuts 
with a spanner, especially if the engines were at work, 
so this arrangement is very convenient. 
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In the case of the piston-rod glands, which frequently 
require screwing up when the engines are going, it is 
usual in large engines to 
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As we have seen, gasket 


made of hemp is used for 


the “stern gland,” as it is 
called. This answers well 


in this case, the pressure 


being but small, due as it 
is to the depth of the stern 
tube below the surface of 
the water; in a big ship 
this would be a matter of 18 or 20 ft., giving only 9 or 
10 lbs. pressure per square inch; also there is no heat 
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to contend with. 

For higher pressures, where water is being dealt with, 
as in the case of pumps, a different sort of packing is 
required. 

In the Navy, what is known as “elastic core packing,” 
is generally used fer the stuffing boxes of all pumps. 
This consists of a core of india-rubber, round which 
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canvas is tightly coiled, the india-rubber core giving the 
necessary elasticity. This packing also works fairly well 
for low pressures of steam, but the india-rubber will not 
stand the heat when high pressures are used. 

For high-pressure steam, the most usual type of pack- 
ing is made of yarns of ‘asbestos’ woven together into 
a rope. This stands very well, as the asbestos is un- 
affected either by the heat or by the oil used for 
lubricating the rod, which in the case of the elastic core 
packing gradually rots away the india-rubber of the core. 


METALLIC PACKING 


With the very high pressures of steam now employed, 
‘metallic packing” is almost invariably used for piston 
and slide rod glands, where these are of any size. 

This packing consists of ‘‘segments ” of white metal, 
three of which segments are made to form a ring round 
the rod, squeezed in against the rod by some means or 
other, the ends of the segments not quite butting against 
each other when in place, thus allowing of their being 
closed in against the rod when the packing wears away, 
to maintain a steam-tight joint. 

One of the most usual types of metallic packing, 
known as ‘‘combination metallic packing,” consists of 
alternate rings of white metal built up of these seg- 
ments, and of gun metal, the top and bottom faces of 
the gun-metal rings being sloped, as are the faces of 
the neck bush and gland, the faces of the white metal 
sections being suitably sloped to meet these. First a 
section of white metal is put into the stuffing box against 
the neck bush; then a gun-metal ring, then another 


section of white metal, and so on, until the stuffing box 
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is full, when the gland is put in place and screwed up 


against the face of the last section. 


As will be seen 


from the sketch in Fig, 106 the effect of screwing up 


the gland is to force the gun-metal rings outward against 


the sides of the stuffing box, and the white metal inward 


against the rod. 
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necessary pressure between the gun-metal rings and 


the white-metal ones to force the white metal forward 


against the rod is obtained by means of a number of 


small springs fitted in the last gun-metal section, the 


face of the neck bush being flat for these springs to act 


against. 


Only the white-metal sections actually bear against 
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the rod, the gun-metal rings merely serving to force the 
white metal forward, and not themselves touching the 
Pousataalle 

In addition to the metallic packing, it is usual to fit 
a few “turns” of soft packing in order to stop any small 
quantity of steam which may “weep” past the metallic 
packing. 

This soft packing is fitted either in the same stuffing 
box as the metallic packing, or else in an entirely 
separate stuffing box with a separate gland. In the first 
case, the gland is made adjustable, with its inside face 
sloped, and the springs are dispensed with, the elasticity 
of the soft packing pressed forward by the gland being 
sufficient to bring the wedge action of the metallic 
packing into play. 

For large stuffing boxes the second plan is the more 
usual, the fixed gland holding the metallic packing in 
place being made to act as the secondary stuffing box 
for the soft packing. The arrangements of these two 
forms of stuffing box using metallic packing are shown 
in Figs. 106 and 107. 


COCKS AND VALVES 

In our single-acting cylinder in Fig. 51 we ‘“con- 
trolled” the supply of steam to and exhaust from the 
cylinder by means of cocks, which we said were like 
water taps. 

The principle on which all cocks are made is very 
simple—a round “ plug” with a hole through it, fitting in 
a hollow ‘‘shell,” a hole being bored through both sides 
of the shell to correspond with the hole in the plug 

e. 


If the plug be turned into such a position that the 
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hole in it is across the shell, the holes in the shell will 
be blocked by the solid sides of the plug, while if the 
plug be turned so that the hole is in line with the 
holes in the shell, the steam or water will have a free 
passage from one side of the shell to the other. 

If the plug were made cylindrical, working in a cylin- 
drical shell, the least wear would cause leakage, so the 
plug is made “taper,” the shell being bored out taper to 
suit it. 

As wear takes place the plug can be forced a little 
further into the shell, when it will again fit steam-tight. 

In small cocks, such as the one shown in Fig. 108, 
the plug is kept tight in the shell by means of the 
nut A on a screwed continuation of the plug below the 
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shell; a “washer” B is fitted on a square on the end 
of the plug, and so turns with the plug, thus preventing 
the nut from being ‘‘slacked back” by its friction against 
the end of the shell when the cock is opened or closed. 

In larger-sized cocks this arrangement would be very 
heavy and cumbersome, so another plan is adopted, as 
shown in Fig. 109, where the bottom of the shell is 
made solid and the plug is kept forced home in the shell 
by means of a shallow stuffing box in the upper part 
of the shell, the packing bearing directly on the top 
of the plug. 

This arrangement not only keeps the plug in its 
place, but also prevents any leakage past the top of the 
plug. 

Such cocks as those shown in Figs. 108 and 109 are 
known as “‘straight-way” cocks, the direction of flow 
of the steam or water not being changed. Fig. 110 


ims 


shows a ‘“‘right-angle” cock, where the steam or water 
passes into the inside of the plug and out again through 
a hole in the bottom instead of straight ahead. 

Cocks are very convenient in some ways, as they can 
be shut off almost instantaneously, but when of any 
considerable size they need a good deal of force to move 
them, and they are very subject to leaking. Con- 
sequently they are but little used in engineering work 
except for such small things as the ‘drain cocks” fitted 
at the bottoms of cylinders, in steam pipes, and such 
like, to drain out any water which may have collected 
there, and for small pipes generally. 

They are invariably made of gun metal for whatever 


purpose they may be intended, whether for steam or 
water. 
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VALVES 


There are many kinds of valves, used for many 
different purposes, but the general object of all valves, 
as of cocks, is to control the passage of a fluid from 
one space to another, and where large quantities have 
to be dealt with, valves are used in preference to cocks. 

We have seen what a slide valve is. It consists 
essentially of a metal plate fitting against, and sliding 
backward and forward on, another metal surface in which 
is an opening or port, through which steam or water is 
allowed to flow or prevented from flowing, according as 
the slide valve uncovers or covers the port as it slides 
back and forth across the opening. 

Other than the slide valve, valves may broadly be 
divided into two general classes— 

(1) Those which can be opened and closed at will by 
turning a wheel or handle, or moving a lever, allowing 
steam or water to flow past the valve, or preventing its 
flow by closing the passage. 

(2) Those which open and close “automatically,” 
allowing the steam or water to pass according as the 
pressure on the one side or the other be the greater, but 
which cannot be controlled by hand. 

Valves of the former of these two classes are used for 
controlling the flow of steam from the boiler to the 
engines, for regulating or shutting off the supply of 
steam to any particular engine, or for regulating the 
amount of water flowing through a pipe. 

Valves of the latter class are used in pumps, where 
water is forced from one space, at a high pressure, into 


another space in which the pressure is not so high, the 
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higher pressure on the one side of the valve forcing it 
up off its seating, and so passing; when the pressure 
acting on the top of the valve is the greater, it presses 
the valve down again on the seating, and the water is 
unable to flow back again. 


THE STOR VALVE 


Let us first consider the first class. 

Suppose we wish to stop the flow of steam or water 
from an open end of a round pipe. If we take a conical 
plug of wood or metal and force it against the end of 
the pipe, and fix it so that it cannot move, say, by 
putting a piece of wood or metal between it and some 
fixed object such as a wall, as shown in Fig. 114, then the 
passage of the steam or water through the pipe would 
be stopped. 
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If we remove the strain from behind the plug, the 
pressure in the pipe will force the plug away, and the 
steam or water will again flow out of the end of the pipe. 

Then this plug would be called a valve, and the plug, 
the end of the pipe, and whatever is used to keep the 
plug in place, would together form a ‘stop valve.” 
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The object of making the plug or valve conical is 
that it shall ‘‘ centre” itself in the hole in the end of the 
pipe. 

If the end of the conical valve were put in the end a 
the pipe, but not in the centre, then one side of the 
valve would ‘take against” the side of the pipe before 
the other did, leaving an opening, as shown in Fig. 112. 
But the valve being conical, that side would act as a 
wedge when it was forced forward, and would drive the 
valve over until the other side also bore against the edge 
of the hole, effectually stopping the passage all round. 

So the actual valve in a stop valve is always made 
conical, the inside edge of the hole against which the 
valve bears being “bevelled” away to the same angle 
as the cone of the valve, to form a “seating,” as the 
sharp edge of the pipe 
would soon cut into the Basen 
valve. 
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In actual practice, the 
stop valve is made separate 
from the pipe and supplied 
with two flanges (A and B 
in Fig. 113), to which the 


pipes leading the steam d a 
| 


or water to the valve and 


away from it, having 


similar flanges on their 
ends, are secured by means 
of bolts. 

The simplest form of stop valve, used for quite small 
work, such as controlling the steam supply from the 
boiler to the engines in a steam boat, or for small 
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“auxiliary” engines such as feed pumps, is shown in 
Fig. 113, where C, the valve, is made in one piece with 
the spindle D, and pressed against the seating N to 
shut off the steam which comes through the pipe O 
underneath the valve. 

Above the seating, the “valve box ° widens out to 
allow the steam to pass round the sides of the valve, 
and the steam, when it has passed from the valve, 
escapes from the valve box through the pipe P. The 
top of the valve box is closed by a cover G, which is 
screwed into the box itself. Through this cover the 
valve spindle D passes, so as to be-accessible from the 
outside, to press the valve on to its seating, to stop 
the supply of steam. 

In order to be able to hold the valve firmly on its 
seating against the pressure of the steam beneath it and 
tending to force it off the seating, the spindle D has a 
screw thread E cut upon it which engages in a suitable 
nut formed in the cover at F. On the outside end of 
the spindle D is fixed a “hand wheel” K, by means of 
which the spindle can be turned, to. force the valve 
tightly on to its seating to shut off the steam, or to draw 
it back off the seating to allow the steam to pass. To 
prevent the steam from leaking out where the valve 
spindle passes through the cover, a stuffing box L is 
arranged in the cover, the nut M acting as a gland and 
gland studs combined to keep the packing in the stuffing 
box compressed and the joint tight. 

This is the general idea on which all stop valves work, 
but in a large stop valve there would be many points in 
which this particular arrangement would not be suitable. 

The first of these points is—as the valve forms part of 

124 


Details of the Mechanism 


the spindle, and is forced forward on to its seating by 
screwing the spindle through the nut in the cover by 
turning the hand wheel, the valve will turn with the 
‘spindle and will “grind” against the seating as it is 
screwed hard home. 

This would cause both valve and seating to wear 
away, and make it almost impossible to keep the valve 
tight. Consequently the valve is made separate from 
the spindle, so that it shall not turn as the spindle is 
screwed round to close or open the valve. Naturally, the 
valve must be connected to the spindle so that when the 
spindle is screwed back the valve will move back with it, 
even without the help of the steam acting underneath it 
and forcing it off its seating. This arrangement is shown 
in Fig. 114. When the valve and spindle were made in 
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one piece, the spindle kept the valve central, so that it 
always came fair on to the seating; but with the valve 
separate from the spindle this would not be the case ; so 
the valve has to be arranged to keep itself central with 
the seating, independent of the spindle. To do this, the 
valve is provided on its under side with ‘‘webs” or 


“wings,” generally either three or four in number, ar- 
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ranged as shown in Fig. 114, which fit in the part of the 
valve box beneath the seating, and so keep the valve 
central. These webs must of course be quite free—in 
fact, they must be a very loose fit—to allow the conical 
valve to centre itself properly on its seating. 

The next point of difference between the small valve 
shown in Fig. 113 and the larger valve we are now con- 
sidering lies in the method of screwing the spindle in 
and out to close and open the valve. 

In Fig. 113 this was done by the screw thread on the 
spindle working through the nut made in the inside of 
the cover and on the steam side of the stuffing box. It is 
obvious that it would be impossible to lubricate this 
screw, as the oil could not be got on to the thread owing 
to the pressure of the steam forcing it back. In the 
large valve this would be a serious defect, as the thread 
on the spindle and in the nut would very soon wear 
away. 

So instead of making the nut in the cover on the 

inside, where it cannot be 


got-.at, it 1s made in a 
separate piece called the 


“bridge,” which is fixed on 
to the cover, as shown at 
A in Fig. 115, the spindle 
being screwed to suit this 
new position of the nut. 
Thus the screw is always 


visible, and can be lubri- 

cated without difficulty. 
The arrangement of stuff- 

FIG. 115 ing box shown in Fig. 113, 
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though very simple, and suitable for such small valves, 
would be heavy and expensive in a large one, so an 
ordinary stuffing box with gland and gland studs is used, 
‘made in the cover and below the thread on the spindle, 
as shown in Fig. 115. 

The cover in the large valve, instead of being screwed 
into the top of the valve box, is secured to it by means 
of studs and nuts or bolts in the usual way. _ 

In both of the stop valves we have been considering, 
the direction of flow of the steam from the stop valve is 
at right angles to that at which it enters the valve. 


THE STRAIGHT-WAY STOP VALVE 

Where it is necessary to keep the flow of the steam in 
the same straight line, as, for instance, for shutting off 
the steam from one part of a straight line of steam pipe, 
a different form of stop valve, called a ‘“straight-way”’ 
stop valve, is used. This is in all essential points the 
same as those we have been considering, the steam, 
being led underneath the valve, tending to force it off its 
seat, on to which it is held by means of a screw. This 
form is shown in Fig. 116. 
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THE SELF-ACTING STOP VALVE 


(ives ts almost invariably the case in warships, there 
are a number of boilers all supplying steam to the 
engines through the same main steam pipe, it is obvious 
that should an accident occur to any one of these boilers, 
such as its being pierced by a shot, not only will the 
contents of that boiler escape and cause damage, but the 
_ steam from all the other boilers also will escape through 
the hole, rushing back through the steam pipe and stop 
valve into the damaged boiler instead of going on to the 
engines. So an accident to one boiler would mean the 
complete disablement of the ship, as there would be no 
steam available to drive the engines. 

To prevent this and keep the damage as local as 
possible, the stop valves on the boilers are made ‘“ self- 
acting,’ that is, they will automatically close themselves 
if the pressure beneath them be suddenly reduced. 

This is done by making the valve independent of the 
screw, which can then only be used to keep the valve 
shut, or to regulate its amount of opening, but not to 
open the valve, which is done by the pressure of the 
steam in the boiler forcing it off its seating when the 
screwed spindle is worked back by means of the hand- 
wheel. 

Then, should an accident occur to the boiler, and the 
pressure beneath the valve suddenly drop, the pressure 
in the steam pipe acting on the top of the valve, being 
then the greater, would drive it down on to its seating 
and so shut it off, thus keeping the damage to the one 
boiler only. This valve would be a “non-return” valve. 


The most obvious way of getting this result would 
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be to do away with the arrangement on the back of the 
valve shown in Fig. 114, by which the valve is connected 
to the spindle so as to be able to lift it off its seating, 


merely allowing the end of the spindle to act on the 


back of the valve to close it. 

There is, however, one very decided practical objection 
to this simple arrangement. 

Before starting an engine it is necessary to “warm it 
through,” so that the full heat of the steam shall not 
suddenly be brought to bear on the engine, as this 
would cause unequal expansion of the metal of the 
cylinders and other parts in contact with the steam, with 
the probable result that they would crack. Consequently 
the heat has to be applied gradually. 

When ‘‘raising steam” in the boiler it is usual to 
open the stop valve to allow the air and vapour from 
the boiler, which gradually becomes hotter under the 
action of the fire, to pass through the engines until the 
pressure in the boiler begins to rise, when the steam 
supply to the engine is shut off, except just sufficient to 
continue the “ warming through.” | 

It is obvious that at first there is no excess of pressure 
in the boiler to lift the valve off its seating to get this 
result, so means must be provided to lift the valve 
independently of this pressure. 

To do this the valve spindle itself (in this case made 
in one piece with the valve) is not screwed, the force to 
close the valve being applied to the valve by means of a 
separate screw, worked by a hand-wheel. 

The arrangement of a self-acting stop valve is shown 
in Fig. 117, where the valve spindle passes through the 
hollow screw worked through the nut in the bridge by 
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means of the hand-wheel, the end of the screw acting 
against a shoulder on the valve spindle to close the 
valve. 

It will be seen that when the screw is worked back, 
the valve is tree to open or close, according as the 
pressure beneath or above it be the greater, and it can 
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be pulled back off the seating by means of the small 
handle on the end of the spindle when there is no 
pressure in the boiler to help to lift it. 

Also, it will be seen that even though the spindle be 
in one with the valve, the valve will not be turned 
round on the seating by the working of the screw in 
freeing or closing. 


In all valves of this type, whether self-acting or not, 
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we must make certain that they will allow as much 
Steam or water to pass the valve as can pass through 
the pipe on which they are fitted, that is, the area of 
the passage past the valve must be the same as the 
area of the passage underneath or beyond it. The area 
of the valve seating is 


ar” or 3.1416xthe square of the radius of the seat. 


To get this same area past the valve, we see that it 
must lift off its seating to such an extent that the “lift” 
multiplied by the circumference of the valve shall equal 
the area of the valve. If L be the lift, then 


Tr =27rx L, 
rksoe Ha 


 2arr 2 


that is, the lift of the valve must be equal to half the 
radius, or a quarter of the diameter of the valve. 


NON-RETURN VALVES 


The object of non-return valves is to allow of the 
flow of the steam or water past the valve in one 
direction while preventing its flowing back whence it 
came. 

When the pressure beneath the valve is greater than 
the pressure above it, the valve will lift, allowing the 
steam or water to flow past, but when the pressure 
above the valve is the greater the valve closes, and 
prevents the flow of the steam or water back again. 

The most familiar application of the non-return valve 
is in the ordinary pump, known as a “lift pump,” used 
for pumping water out of a well. In these lift pumps, 
the most usual type of non-return valve is that known as 
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a “clack valve,” which is really nothing more nor less 
than a shutter or door without a latch. 

If we push against the door from the one side, it 
opens and allows us to pass, but if we push from the 
other side, the door shuts and we cannot get through. 

So an ordinary lift pump consists of a cylinder in 
which works a piston, known as a “ bucket,” in which is 

arranged a clack valve, 


which allows of the passage 
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the water in the cylinder 
to pass from beneath the bucket to above it, ready to be 
pumped out through the spout on the next up stroke. 
Then, on the up stroke, the valve in the bucket closes 
as the pressure beneath it is removed, and the water is 
lifted up by the rising bucket, and flows out through the 
spout, and at the same time, the bucket moving up 
tends to create a vacuum beneath it in the cylinder. 
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“ Nature abhors a vacuum,” and so tries to fill up the 
empty cylinder. The pressure of the atmosphere on the 
surface of the water in the well forces the water up the 
pipe, lifts the lower or ‘‘foot valve,” and the water fills 
the cylinder—that is, provided the height of the pump 
above the surface of the water be less than about 28 ft., 
the height of the column of water which the pressure of 
the atmosphere will support being about 32 ft., which 
corresponds to the 30in. of mercury in the barometer. 

From this we see that when we talk of a pump 
‘‘sucking ” up the water we are only partly right, as the 
pump does not suck up the water at all, but merely 
creates a vacuum into which the pressure of the atmo- 
sphere forces the water, the actual lifting of the water 
being done by the pressure of the atmosphere. 

Non-return valves of this type are but seldom met 
with in engineering work, as the water only being able 
to escape on the one side of the valve, the other side 
being hinged to the seating, the lift necessary to give 
free passage to the water on the one side of the valve 
only would need to be proportionately increased. 

Formerly the non-return valves used for dealing with 
water were almost invariably made of india-rubber, but 
this material wears out rather quickly and is very 
expensive, and also is very subject to deterioration from 
the action of grease or oil in the water. Consequently 
metal valves have now almost entirely superseded the 
rubber ones. 

Conical valves, practically the same as the self-acting 
stop valve, are much used, the only difference being that 
the valve spindle is dispensed with, and instead of a 
screw passing through the cover to hold the valve 
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down, the cover itself is arranged so as to prevent the 
valve from lifting too much. Another very usual form 
of non-return valve is shown in Fig. 119. 

This consists of a metal disc, sliding up and down on 
a stud fixed in the centre of the valve seating, which 
disc, when down on the seating, prevents water from 
flowing downward, but if the pressure beneath it be in 
excess of the pressure above it, the disc lifts bodily 
upward off the seating, allowing free passage for the 
water. A “guard” is fixed on the top end of the stud 
at a suitable height above the seating, to prevent the 
valve from lifting too far. 

Frequently, instead of one thick metal disc, as shown 
in Fig. 119, a number (generally three) of thin discs are 
used, a few small holes being made in the two lower 
discs to allow a little water to get between the discs to 
deaden the shock when the valve comes down on the 
seating. 

These thin discs are generally made of a special sort 
of bronze, which stands the “hammering” of the valve 
on its seating very well, and seldom cracks. 

The arrangement of this valve is shown in Fig. 120. 
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CHAPTER: VI 
THE CONDENSING ENGINE 


OW that we understand the means whereby the 

power obtained by the boiling of water in a closed 

vessel or “boiler” can be used for propelling our ship, 

and know something generally of the details of the 

essential parts of the engine, we are in a position to go 

further into the idea of the engine itself, and to see how 
we can use our power more effectively. 

Naturally the point we must aim at, especially in a 
ship, is to get the largest possible amount of power out 
of the smallest possible amount of fuel, not only on the 
score of economy, but also that the ship may be able to 
steam the greatest possible distance with the amount 
of fuel she can conveniently carry. 

In the steam engine, at the point to which we have 
brought it, we still have the 15 lbs. pressure of the atmo- 
sphere acting against the piston, and so reducing the 
power of the engine. Obviously, if this can be removed, 
we get a great deal more power for the same expenditure 
of steam and of fuel, and so at less cost for the power 


obtained. 
CONDENSATION OF STEAM 


At page 106 we said that a “ plentiful supply of water ” 
was needed in order to enable us to remove even 
the 15 Ibs. back pressure of the atmosphere from the 
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side of the piston toward which it is travelling, by con- 
verting the steam at atmospheric pressure (after it has 
done its work in the engine) back again into water, 
giving a reduction in volume at the rate of I cubic 
foot of steam to 1 cubic inch of water, leaving the 
remainder of the cubic foot of space entirely free from 
pressure. ; 

We have seen that this ‘condensation ” or conversion 
of steam back again into water is done by taking away 
some of its heat, as steam cannot exist in the form 
of steam at a low temperature, but turns back into 
water. 

So, to remove the heat from the steam after it has 
done its work in the engine, cold water is used. 


THE ATMOSPHERIC ENGINE 


The very first engines using steam were not really 
“steam” engines, but were, as their name implied, 
“atmospheric” engines, the steam serving, not to give 
the power, but merely as a means of obtaining a vacuum, 
the actual power being derived from the pressure of the 
atmosphere. 

The arrangement first tried, which was employed for 
working pumps for removing the water from mines, was 
to, a certain extent similar to our single-acting engine, 
worked by means of cocks, as shown in Fig. 51, only in 
this case, instead of the weight being used to send the 
piston down to the bottom of the cylinder, it was used 
to pull it up to the top, as shown in Fig. 121. 

From the bottom of the cylinder a pipe was led to 
a copper pot or boiler, partly full of water, underneath 


which was a fire. This boiler, which worked at atmo- 
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spheric pressure or even below it, was provided with 
a ‘‘safety valve” consisting merely of a plate or stopper, 
covering the end of an open pipe from the steam space 
of the boiler, the plate lifting and allowing the steam to 
escape when the pressure in the boiler exceeded atmo- 
spheric pressure. 

On the piston being pulled up by the action of the 
weight of the pump rod at the other end of the ‘‘ beam,” 


FIG. I21 


steam was drawn from the boiler into the cylinder to fill 
the space below the piston. The cock on this steam 
pipe was then closed and a spray of cold water was 
“injected” into the cylinder ; this condensed the steam 
and made a vacuum under the piston when the 15 lbs. 
pressure of the atmosphere forced the piston down. 
When it reached the bottom of its stroke, the water 
“jet” was shut off, and the piston being held down, the 
“injection” water and condensed steam were allowed to 


run out through a drain cock. 
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THE JET CONDENSER 


This was a very uneconomical arrangement, as the 
injection water not only condensed the steam, but also 
cooled the cylinder, with the result that on again letting 
in steam, much of this steam was condensed by the cold 
metal of the cylinder and was wasted before any became 
available for allowing the piston to rise when it was 
released. 

So the steam was led from the cylinder into a separate 
vessel called a ‘‘condenser” and there condensed by the 
water jet, thus saving the alternate cooling and conse- 
quent reheating of the cylinder. 

This is practically the arrangement now used for 
condensing the exhaust steam from the engines so as to 
remove the atmospheric pressure from the front of the 
piston. 

THE AIR PUMP 


Naturally the injection water and the condensed steam 
would soon fill up the condenser, so a pump has to be 
used to remove this water. This pump is known as 
the ‘‘air-pump,” which seems rather an absurd name 
for a pump which appears to be provided to deal with 
water. 

The name is not really as unsuitable as it seems, 
though with the arrangement of condenser now most 
generally used for land work and practically always for 
ship work, it no longer applies as much as it formerly 
did. 

Water, we know, contains a large amount of air “in 
solution.” (Sweetened tea is tea with sugar “dissolved” 
or “in solution’ in it.) 
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This air dissolved in the water is what fishes breathe ; 
a fish will as surely die in pure distilled water, which 
contains no air in solution, or in water which has been 
boiled, and so the air driven out from it, as if removed 
from the water altogether. 

The “singing” of the kettle before it boils is partly 
caused by the liberation of the air which was in solution 
in the water, and which can be seen forming itself into 
small bubbles against the sides and bottom of the kettle 
while the water is still comparatively cold. 

Well, the injection water contained a large amount 
of air in solution, which, under the very much reduced 
pressure in the condenser, and also owing to the heat 
of the steam being condensed, was liberated, and so 
very soon spoiled the vacuum. The air-pump had to 
remove this air as well as the water, hence its name. 

Generally speaking, the air-pump is practically an 
ordinary lift pump of the type shown in Fig. 118, but 
arranged so that the ‘foot valve,” as the lower valve 
is called, shall be below the level of the bottom of the 
condenser, so that the water shall flow down to the 
pump instead of having to be “lifted.” 

It is usual to fit another valve or set of valves at 
the top of the pump cylinder or “barrel” to assist the 
others and to obtain a better vacuum. 

In any but very small air-pumps, instead of having 
a single foot valve and a single bucket valve, a number 
of smaller valves are used, the lift for these smaller 
valves naturally being much less than would be required 
for the single larger one, and consequently the valves 
work much more quietly and last much longer. 

The general arrangement of a “jet condenser” with 
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its air-pump is shown in Fig. 122, where it will be seen 
that instead of the injection water being in one single 
jet, it is brought into the condensing chamber through 
a pipe with a number of small holes in it, which breaks 
the jet into a spray, giving the water a better chance of 
acting on the inrushing exhaust steam, to condense it. 
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THE SURFACE CONDENSER 

Though excellent results are obtained from the jet 
condenser and a very good vacuum kept up, there are 
serious objections to its use on board ship. 

Sea-water contains a large amount of solid matter in 
solution, to the extent of about one thirty-second part 
of its weight, in fact. That is, if we put 32 Ibs. weight 
of sea-water into a vessel and boiled all the water away, 


there would remain 1 lb. weight of solid matter in the 
vessel. 
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This solid matter consists of a mixture of various 
‘‘salts,” the chief of which is the common salt used for 
household purposes, or sodium chloride, the others 
being salts of magnesium and lime. 

If we were to “feed” our boiler with sea-water, as 
the steam was generated and used in the engines, and 
more sea-water pumped into the boiler to take its place, 
this solid matter would be left behind and would very 
soon cause trouble, unless means were adopted to get 
fidGolvit, 

So it is advisable, if not absolutely necessary, to feed 
the boiler with fresh water, which does not contain solid 
matter. It would be impossible to carry sufficient fresh 
water to last for any length of time, and as the steam 
on leaving the engines is really pure fresh water, why 
not use that for feeding the boilers instead of salt water? 

With the jet condenser which we have been consider- 
ing, the sea-water used for condensing the steam mixes 
with the fresh water obtained by the condensation of 
the exhaust steam, and so spoils it for boiler feed pur- 
poses. 

As all we have to do to condense the steam is to 
carry away sufficient of its heat to cause it to turn back 
into water, why not do this without letting the con- 
densing water and the steam mix, by bringing the steam 
into contact with a surface kept cold by a stream of sea- 
water on the other side of it? 

Naturally a large surface is required to enable the 
heat of the steam to be got rid of quickly enough, and 
this large surface is best obtained by means of tubes 
of comparatively small diameter enclosed in a suitable 
casing into which the exhaust steam passes, the tubes 
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being kept cold by sea-water pumped through them, the 
steam surrounding the tubes being condensed by contact 
with their cold surfaces. 

Thus the steam is condensed without in any way 
mixing with the sea-water used for carrying away the 
heat, the resulting water being pure and free from all 
solid matter, and in every way suitable to be used over 
again in the boiler. 

Naturally, as in the case of the jet condenser, an air- 
pump is required to remove this water from the con- 
denser, but this pump does not need to be so large as 
for the jet condenser as it only has to deal with the 
water from the condensed steam, there being no injec- 
tion water ; also the amount of air which it has to remove 
from the condenser is very much less, being only what 
happens to leak in through defective packing or joints 
and leaky glands, none being brought in as was done 
by the injection water, having air in solution, in the case 
of the jet condenser. 

With the jet condenser, the air-pump discharged the 
water taken from the condenser overboard, only suff- 
cient being taken from it to feed the boilers; but with 
the. surface condenser, all the resulting water is dis- 
charged by the air-pump through a pipe to a tank called 
ami teed tank 

So the same water will be used over and over again, 
being first converted into steam in the boiler, then doing 
its work in the engines, then being turned back into 
water in the condenser, from which it is removed by the 
air-pump and discharged into the feed tank, ready to be 
pumped back into the boiler by the feed pump for its 
next round of duty, only sufficient fresh water being 
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carried or “distilled” to make up for wastage through 
leaks of water or steam in the engines or elsewhere. 
The most usual type of surface condenser, such as 
pshown in Fig. 123, consists of a “casing” or “barrel,” 
which, in the Navy, is generally either a gun-metal 
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casting or else is built up out of sheet brass, generally of 
cylindrical shape, closed at the ends by flat plates called 
“tube plates” through holes in which the thin ‘“con- 


* denser tubes” pass, reaching 


from tube plate to tube plate 
through the length of the 
casing, the joints where 


Cl they pass through the tube 


plates being made water- 
tight by some means, gener- 
I ally a screwed gland and 

+ packing, shown in Fig. 124. 
Stee. The exhaust steam is led 
from the engines into the condenser casing through a 


pipe known as the “eduction pipe,” or “ exhaust pipe.” 
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In order to be able to pump the sea-water through all 
the condenser tubes to keep them cold, a large cover is 
fitted on to either end of the condenser, outside the tube 
plate, a space being left between the ends of the tubes 
and the inside of the cover, so that when the sea-water 
is forced from the sea by means of a suitable pump 
known as a “‘circulating pump” into one of these 
covers, it will flow through the tubes into the other 
cover, whence it is led overboard through the “ circu- 
— lating discharge pipe.” 

As the “circulating water,” as it is called, can only 
collect the heat from the inner surfaces of the tubes 
comparatively slowly, it is usual to make it pass twice 
through the tubes. This is done by having both 
“inlet” and ‘discharge” pipes leading from the same 
cover, the former to the bottom and the latter from the 
’ on the inside of the cover 
being arranged to fit against the face of the tube plate, 


top, a ‘diaphragm plate’ 


dividing the space between the cover and the tube plate 
into two separate compartments, with half the tubes 
opening into each. 

Then if the circulating water be pumped into the 
lower compartment of the cover, it will flow through 
the lower half of the tubes into the other cover and 
back again into the upper compartment of the first 
cover through the upper half of the tubes, and so over- 
board through the discharge pipe. 

From the bottom of the condenser casing a pipe is led 
to the bottom of the air-pump, which, as in the case of 
the jet condenser, is arranged to be below the bottom 
of the condenser for the same reasons. 

Fig. 123 shows a condenser of this type with the 
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tubes arranged horizontally. They are sometimes made 
with the tubes arranged vertically, but the general idea 
in that case is precisely the same, except that with the 
_ vertical condenser, the exhaust steam is generally led 
by the eduction pipe into the top cover, and it passes 
through the tubes instead of round them, the water 
passing inside the casing and round the tubes. 

This arrangement, though giving slightly less cooling 
surface than when the steam passed round the tubes, 
has two good points, for the water being next the casing 
instead of the steam, keeps the casing cold, which is 
better for the comfort of the engine-room. Also, the 
grease which is brought into the condenser with the 
steam, collected from the oil used for the lubrication of 
the internal parts and that used on the piston and slide 
rods, is deposited inside the tubes, whence it can easily 
be removed by means of a brush. Where the steam 
passes round the tubes this grease is deposited on their 
outsides, when the only way of removing it is by filling 
the condenser with a solution of soda or potash, and 
then boiling, 

In the horizontal condenser, the tubes, being thin and 


which dissolves the grease. 


of considerable length, tend to ‘“‘sag” or bend downward 
in the middle, owing to their weight and the weight of 
the water inside them. Some of the tubes would be — 
certain to sag more than others, and so they would touch 
each other at some point between the tube plates. As 
there is always more or less vibration when the engines 
are at work, the tubes would rub against each other at 
these points and would in time wear themselves into 
holes, which would be very bad, as not only would the 
vacuum be reduced, but the salt water would be drawn 
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by the vacuum through the holes and would mix with 
the condensed steam, with the result that solid matter 
would find its way into the boilers and cause trouble. 

To prevent this, it is necessary to support the tubes 
between the tube plates, which is done by diaphragm 
plates fitted inside the casing, with holes for each tube 
to pass through, thus giving the necessary support. 

If the tubes are comparatively short, say 10 ft., only 
one diaphragm plate is fitted, but if long, two or more 
are necessary. The diaphragm plates are not arranged 
exactly at equal distances apart, for reasons which need 
not be considered here. 

In the vertical condenser, this point of supporting the 
tubes does not come in, but there is another difficulty 
which has to be met. The weight of the tube itself, 
acting downward, will cause the tube to slip down 
through the packing gland, unless means be adopted to 
prevent it so doing. 

This is easily and cheaply done by the arrangement 
shown in Fig. 124, of the screwed gland and packing 
used for keeping the joint between the tube and the tube 
plate water-tight, the gland in this case being provided 
with a “shoulder,” as shown in the sketch, against 
which the end of the tube bears at its lower end, which 
effectually prevents it from dropping. 


THE CIRCULATING PUMP 


We have seen that it is necessary to pump cold sea- 
water through the condenser to keep the tubes cool, so 
that the steam shall be condensed by contact with their 
surfaces. 


If the amount of sea-water pumped through were 
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small, the large amount of heat which has to be removed 
in order to condense the steam would soon raise the 
temperature of the circulating water to such an extent 
that the cooling surface would no longer be efficient, and 
the vacuum would suffer. 

So it is necessary that a large volume of water be 
pumped through. As this water is drawn by the “ circu- 
lating pump” through an inlet pipe leading through the 
bottom of the ship, and after passing through the con- 
denser is discharged through the side again (generally 
below water level), we see that but very little power is 
required to cause the water to circulate, though the 
volume is large, as we have practically no “lift” to 
contend with, the only resistance being the friction of 
the water against the sides of the tubes, pipes, and con- 
denser, as it flows through them. 

Pumps of the type shown in Fig. 118 are, we have 
seen, capable of lifting water from a depth of about 


d 


30 ft., and can be made to “force” it to almost any 
height, but they can only deliver one pump barrel full of 
water at each stroke. 

So if such a pump were used as a circulating pump, it 
would have to be made very large in order to deliver 
the necessary volume of water, unless driven very fast, 
which would be bad for the valves. Also, it would be 
rather like driving a tin tack with a sledge hammer, 
using a pump capable of lifting water through a great 
height, to do this work where the lift is so very small. 

Consequently a different kind of pump, known as 
“centrifugal,” is almost invariably used as a circulating 
pump. 

These centrifugal pumps, though not suitable for lift- 
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ing water through any considerable height, are capable 
of delivering a very large volume of water where, as in 
this case, the lift is small. 

If we tie a string to a stone, and swing it rapidly 
round and round, the stone tries to fly away from our 
hand holding the end of the string, pulling more and 
more strongly against the string holding it in to the 
centre round which it is revolving (our hand, in this 
case) as the speed of revolution increases. 

This force, tending to cause the stone to fly outward, 
is known as ‘‘centrifugal force,’ and is the force utilised 
in the centrifugal pump, the water taking the place of 
the stone trying to fly away from the centre. 

The arrangement used is shown in its simplest form 
in Fig. 125, where a circular “fan,” or ‘‘impeller” A, 
mounted on a shaft B, is 
made to revolve by means 
| of the shaft inside the 
me casing C. 

a The impeller, in revolv- 


ing, causes the water with 
Co Til tal - which the casing is filled 
ta wae tL CLL alsoto revolve, when centri- 
| ee la cH | fugal force comes into play, 

4 r tf + | t | Hl ee 2 we 


- and the water tends to fly 

away from the centre toward 
the outside of the casing. An outlet D is arranged in 
the casing, through which the water can escape. Natur- 
ally the water flying away from the centre tends to 
create a vacuum at the centre of the impeller, which is 
utilised for drawing more water through the pipe E into 


the casing, to take the place of that which has been 
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forced out through the outlet D; and so a constant 
stream is kept up, no valves at all being required. 

It will be noticed in the sketch that the impeller 
is not in the centre of the casing (which also is not 
quite circular), but nearly touches it just below the 
outlet D, so that the water, when it leaves the outside 
of the impeller, instead of churning round in the casing, 
is caused by its direction of motion (as shown by the 
arrow), as well as by the pressure set up at the outer 
part of the casing by the centrifugal force acting on 
the water spinning round with the impeller, to flow out 
through the outlet. As the water naturally leaves the 
impeller all round at once, this eccentricity of the casing 
serves another useful purpose, giving a passage for the 
water, increasing gradually in volume from nothing 
just below the outlet to full opening by the time it 
reaches the outlet, the direction of rotation being as 
shown by the arrow. 

In actual practice, the inlet pipe E is generally made 
in one with the casting of the casing and is forked, 
to pass on either side of the outlet, as shown in Figs. 
126 and 127, so that the water shall reach the impeller 
from both sides. 

The “vanes” of the impeller, instead of being made 
straight, as shown in Fig. 125, are curved back toward 
their ends, so that in addition to imparting rotary motion 
to the water entering the impeller through the pipes 
EE to obtain the centrifugal force, they act on this 
water like wedges, forcing the water outward and away 
through the pipe D. 

Generally the vanes forming the actual impeller are 
arranged between two side plates, shaped as shown 
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in Fig. 127, which serve to support the vanes and 
make the impeller stronger, but this is not always the 
case, as the side plates are not essential to the action of 
the pump. 

The shaft B, which is of gun metal (as are all other 
parts of the pump), is either made in one piece with the 
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impeller, or else is separate and the impeller “keyed ” 
on to it. 

It runs in bearings at either side of the casing, 
the bearing surfaces being made of a very hard wood 
called lignum-vite, the water acting as lubricant, which 
arrangement gives excellent results. These bearings 
are generally made in the form of ‘ bushes,” or hollow 
cylinders, of the lignum-vite, fitted into the casing. The 
casing itself is made in two parts, as shown at F F in 
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Fig. 126, the inlet and outlet pipes both being attached 
to the lower part, so that the upper part may be removed 
for examination of the impeller without disturbing the 
_ pipe joints. 

Naturally, screw-down valves are fitted both on the 
inlet pipe leading from the sea to the pump and on the 
discharge pipe leading from the condenser overboard, 
to allow of the pump or condenser being opened out for 
examination, without letting water into the ship. 

The circulating pumps are driven by separate engines, 
and generally each set of main engines has its own 
condenser and circulating pump. 
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THE COMPOUND ENGINE 


HEN considering the simple engine, using the 

steam ‘‘expansively,” we said on page 96 that 
there were practical objections to using a “high ratio 
of expansion” in the simple engine, that is, cutting off 
the steam very early in the stroke, and allowing its 
expansive force to drive the piston to the end of the 
stroke, thus getting as much work as possible out of the 
steam before allowing it to escape to the condenser. 

Let us see what these practical objections are. 

We must first learn a little more about the steam from 
which we get our power. 

Steam, we know, is obtained by raising water to that 
temperature at which it can no longer exist as water, 
but changes its state and becomes steam, and keeping 
the water at that temperature until it has all boiled 
away. 

COMBUSTION 


The heat required is obtained by the “ combustion ” 
of fuel, the chief chemical constituents of which (whether 
the fuel be coal, oil, or wood) are the solid carbon and a 
gas called hydrogen combined together. | Combustion 
or burning is simply the raped chemical union of the 
carbon and hydrogen of the fuel with the oxygen of 
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the air, the carbon “ combining” with the oxygen (as 
we see when considering the subject of ‘smelting ” iron 
ore) to form a gas called ‘carbonic acid gas,” and the 
hydrogen combining with the oxygen to form water, 
which is an “oxide” of hydrogen, which also passes 
off in the form of a gas. This “ chemical combination ” 
is attended by great heat, and the resulting gases are 
given off at a very high temperature. 

If, then, the burning of the fuel takes place in the 
furnace of a boiler, the heat generated by the burning 
will be transmitted or ‘‘conducted” through the metal 
of which the furnace is made to the water on the 
other side of the metal. 


HEAT 


Now what is this heat which we are able to transfer 
from the burning fuel and the hot gases, through the 
metal walls of the furnace, to the water ? 

When considering the subject of lubrication (see p. 28) 
we saw that when friction occurred between two surfaces 
rubbing together heat was generated. So, in the case 
of the thrust block, we lubricated the thrust collars and 
rings to reduce the friction as far as possible, and to 
carry off such heat as was generated by the friction 
we could not do away with. 

In the absence of this lubrication the shaft would 
revolve very stiffly, much of the power used to turn the 
shaft being swallowed up in overcoming the friction 
of the thrust collars, and the result of this friction would 
be that less power would be available for turning the 
propeller, and the collars would soon become hot and 
would wear away. The power which was “lost” in 
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overcoming the friction of the thrust collars against the 
rings was converted into heat. 

If we vigorously rub a piece of wood with sand-paper 
we soon find that the sand-paper becomes very hot, 
and our fingers suffer, part of the ‘‘ mechanical energy” 
we are expending in overcoming the friction between 
the sand-paper and the wood doing actual “ mechanical 
work” in wearing away the wood, and part of it being 
_converted into heat. From this we may conclude that 
mechanical energy can be converted into heat, and that 
heat is really a form of mechanical energy. 


APPLICATION OF HEAT TO WATER 


Let us now consider what actually happens when we 
apply heat to water. 

When we first considered the generation of steam we 
merely said that the application of heat to water caused 
the water to boil away and become steam, which we 
used in our engine. 

From the definition of heat at which we have just 
arrived we see that mechanical energy has been ex- 
pended in turning the water into steam, and this 
mechanical energy, stored up in the steam, really is 
the source of the power of the steam engine. 

When we say that a block of lead weighs so many 
“pounds,” or that a vessel contains so many ‘cubic 
feet” of water, we know what “quantity” of lead there 
is in the block, and what “quantity ” of water the vessel 
contains, as a pound and a cubic foot are known 
measures of weight and volume. 

So with heat, we must have some known measure of 


quantity, in order that we may be able to tell ow much 
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heat is required to produce any given result; such, 
for instance, as the raising of a given quantity of 
water from a certain temperature to any other higher 
temperature. 

THE BRITISH THERMAL UNIT 

In England our measure of weight is the “pound” 
avoirdupois, and our measure of temperature is the 
“degree,” as shown by the Fahrenheit thermometer. 

So the English measure of quantity of heat uses the 
pound avoirdupois and the degree Fahrenheit as bases, 
and the guantzty of heat required to ratse the temperature 
of 16. of cold water through 1 degree Fahrenheit is 
taken as this measure, to which all quantities of heat 
are compared, and this measure is called the “ British’ 
thermal unit” (generally written B.T.U. for shortness). 

As an example, let us take, say, 10lbs. of water at 
40 degrees Fahrenheit, and apply heat to it until its 
temperature has risen to 50 degrees. Then the quantity 
of heat which will have been put into the 10 lbs, of 
water will be 

10 x (50°- 40°) =10 x 10=100 British thermal units. 

We know the temperature of melting ice to be 
32 degrees Fahrenheit, and we know that as the ice 
melts the water remains at this temperature until all the 
ice is melted. This will be a convenient temperature 
from which to commence when studying the application 
of heat to water. 

Also we know the temperature of boiling water, at 
atmospheric pressure at the sea level, to be 212 degrees 
Fahrenheit. 

Let us then start with 1 lb. of ice-cold water and 


apply heat to it. oe 
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As we apply the heat the temperature commences to 
rise, and continues to do so until boiling point is reached, 
no change having, up till now, taken place in the water 
other than its increase in temperature. 

We see that the quantity of heat we must have 
applied to cause this change of temperature is 


1x (212°—32°)=1x 180=180 B.T.U. 


This heat, the result of the application of which to 
the water can be felt and is shown by the rising of the 
thermometer, is called “sensible heat.” 

On applying more heat to this water already at 
boiling point, it comences to boil, turning into steam, 
but the temperature of the boiling water does not 
change, in spite of the extra heat, and the steam is given 
off at this same temperature of 212 degrees. 

This “change of state” from water to steam continues, 
without any change of temperature, until all the water 
has been turned into steam, and the quantity of heat 
required to effect this change of state of the 1 1b. water 
at 212 degrees to 1 lb. steam, also at 212 degrees, has 
been found to be 966 British thermal units. 

This quantity of heat, expended in changing the 
state from water to steam without changing the tempera- 
ture, is called the “latent heat of steam,” and as heat, 
we have seen, is merely a form of mechanical energy, 
we may conclude that as mechanical energy has been 
put into the water to turn it into steam, this same 
amount of mechanical energy will be given back on 
the steam turning again into water. 

When we talk of the “boiling point” of water as 


being 212 degrees, we are supposing the pressure at 
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which this boiling takes place to be atmospheric pressure, 

as the boiling point rises when the pressure becomes 

greater, checking the steam bubbles from forming. 
For instance, the boiling point of water under a 


pressure of 53 lbs., as shown by the pressure gauge, is 


300 degrees, and at 235 lbs. pressure it is 400 degrees. 

Naturally we would conclude -from this that the 
quantity of heat required to convert the 1 lb. of water 
at boiling point into steam at high pressure must 
necessarily be greater than that required to convert it 
into steam at atmospheric pressure, as the resulting 
steam is at a higher temperature. This is actually the 
case, but not to the extent one would imagine, as it has 
been found that the latent heat of steam adzmznishes as 
the pressure under which it is generated increases. But 
as the temperature of the water has to be raised before 
it will boil under the increased pressure, a certain num- 
ber of thermal units are required to raise the 1 lb. water 
at 212 degrees up to this new boiling point before any 
of the water can be turned into steam. This amount is, 
of course, sensible heat, as the temperature of the water 
rises, and this increase in sensible heat more than 
counterbalances the decrease in latent heat, and the 
“total heat of evaporation” is greater. 

Taking steam at the two pressures considered above, 
namely 53 lbs. and 235 lbs., the different values stand 
thus :— 


Pressure Temperature Latent Sensible Total heat 
in lbs. of boiling heat heat of evapn. 
above atm. point. ret 1B}, Al tOle from 212. from 212. 
° nan 202 ae 966 tit ° OOO 
53 bar 300 eh go2 ae go eee O02 
235 es 400 abi 829 igh LOAe ener O23 
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Treating heat as mechanical energy, we see that a 
very large and increasing quantity of mechanical energy 
is required to convert water into steam at high pressures, 
and so more and more mechanical energy is stored up 
in that steam as the pressure becomes higher, to be 
given back in actual work performed on the piston in 
the engine, and transmitted through the mechanism to 
drive the ship, when the steam, cut off early in the 
cylinder, falls in pressure as it drives the piston before 
it through its stroke, and is finally turned back into 
water in the condenser. 

To apply this knowledge of some of the properties 
of steam to our simple engine. 

Let us take one particular case as an example, say 
our 135 lbs. pressure, as shown by the pressure gauge, 
cut off at one-tenth stroke in the cylinder, on page 46. 

The temperature of the steam on entering the cylinder 
at 135 lbs. pressure is 358 degrees, while its tempera- 
ture at the end of the stroke, when it had fallen to 
15 lbs. or atmospheric pressure, would be only 212 
degrees. Supposing the engine to be “non-condensing,” 
then throughout the return stroke the pressure on this 
side of the piston would remain at that of the atmo- 
sphere, and so the inside of the cylinder would cool down 
very considerably below the temperature of the boiler 
steam. 

Naturally on starting the next stroke, the new steam 
at 358 degrees would be robbed of a considerable por- 
tion of its heat in again raising the temperature of the 
walls of the cylinder, with the result that some of it 
would be condensed on the comparatively cool sides of 


the cylinder, and on the next return stroke this con- 
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densed steam would pass direct to the exhaust and be 
lost, having done no work in forcing the piston forward. 

If the engine be “condensing,” this loss by liquefac- 
tion would be very much greater, as the temperature 


of boiling point in the condenser is as low as 100 


degrees, owing to the vacuum. As the cylinder is open 
to the condenser for nearly the whole of the return 
stroke, the cooling of the walls of the cylinder would be 
very considerable, and the waste of heat proportionately 
greater. 

Generally, the greater the difference between the 
temperature and so the pressure of the steam on 
entering the cylinder and on leaving it, the greater the 
waste of heat or mechanical energy due to liquefaction. 

To reduce this waste, it is evident that the tempera- 
ture and so the pressure of the steam during exhaust 
must be kept more nearly equal to its original tempera- 
ture and pressure. 

But in order to obtain efficiency we know that it is 
necessary to utilise the expansive force of the steam, so 
as to get the largest possible amount of work out of it. 

To get over the difficulty, the compound engine is 
used. In the compound engine, instead of doing the 
whole of the expansion of the steam in the one cylinder, 
the temperature of which will vary so largely during the 
stroke, the expansion is carried out in two, three, or 
even four separate cylinders, the variation in tempera- 
ture in any one of which will naturally be very much 
smaller. 

ARRANGEMENT OF THE COMPOUND ENGINE 

The arrangement adopted is that the steam at boiler 

pressure is first used in the high-pressure cylinder, as 
159 


Elementary Steam Engineering 


in a simple engine, being cut off comparatively late in 
the stroke, and the exhaust steam from this cylinder, 
instead of being led direct to the condenser, passes into 
a ‘‘receiver,” from which it is led to the slide case of 
the next cylinder, called. the “low-pressure” cylinder 
(where two cylinders are used, or the “intermediate,” 
where there are three), and from this slide case the slide 


nor 


} 


| 

+ 
SAN 
by 
ih 
Wh 

PAE 
y 

| 

cy 
an 
5 
& 


Ps YL 


H 
SS 
S 
aN 
: 
NI 
Bh 
[fi 
AE 
TE 
ie 
fin 

if 
if 
Vh 
4 


FP 

\\ 

E | 
- 
Sar 


BELT 
: 
rie 


~~ 


\\ 
\ 


La 
aA | 
ma 

A 


& 


iE 


+= 3 I 


cy 5 
| TH H Lo 
4 st EEE CEH zea, 
oH rH 
| | LKGAZAY I 
za z 14 | {1 | PQ 
aL AB 


FIG, 128 


valve admits it to the low-pressure cylinder in the usual 
manner, the receiver practically forming the boiler 
for supplying the steam to this cylinder, the steam 
in this “boiler” being the exhaust from the high- 
pressure cylinder. The arrangement of an ordinary 
compound engine is shown in Fig, 128. 

Obviously, the back pressure in the high-pressure 


cylinder is practically the receiver pressure, so the effec- 
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tive pressure on the high-pressure piston at the early 
part of the stroke is not so excessive as in the case of 
the simple engine. 

In the first compound engines, this receiver was made 
of considerable size, so as to keep the pressure of the 
steam on entering the low-pressure cylinder steady; but 
this was soon found to be unnecessary, and the receivers 
now are merely steam pipes of sufficient size to allow 
of the free flow of the steam from the exhaust of the 
high-pressure cylinder to the slide case: of the low 
pressure. 


RELATIVE SIZES OF CYLINDERS 


The low-pressure cylinder is usually made double the 
diameter of the high, and so four times its volume; so 
supposing the steam to be cut off at half-stroke in the 
high pressure, it would be expanded eight times before 
finally passing to the condenser, thus giving a fairly 
high “ratio of expansion,” yet the variation in pressure 
and temperature in either cylinder would be compara- 
tively small, and the high-pressure cylinder, whose 
temperature would naturally be high, would never be 
exposed to the low temperature of the condenser. 

Consequently the amount of liquefaction in either 
cylinder is much reduced, and the steam, which, on 
entering the high-pressure cylinder, is liquefied by that 
cylinder being at a lower temperature than the steam, 
is re-evaporated by the heat of the cylinder when the 
pressure falls, and so passes into the low - pressure 
cylinder as steam, and there does its work, not being 
lost as would have been the case had it passed direct 


to the condenser. 
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OTHER GOOD POINTS OF THE COMPOUND ENGINE 


In addition to this increase in the efficiency of the 
steam gained by the use of the compound engine, 
another very important point is scored. 

In the simple engine, if the steam be cut off very 
early in the stroke, in order to get as much power as 
possible out of it, the full boiler pressure acting on the 
piston during that part of the stroke brings very heavy 
~ strains to bear on all parts of the machinery ; when the 
piston is nearing the end of the stroke and the pressure 
has fallen very low these strains are proportionately 
reduced. 

As of course the piston-rod and all other parts of the 
engine have to be made strong enough to stand the 
greatest strains ever brought to bear on them, their 
strength and weight, necessary on account of this great 
strain at the beginning of the stroke, are very much greater 
than are needed to stand the reduced strains when nearing 
the end of the stroke, the pressure having fallen so much. 

With the comparatively low rates of expansion in any 
one cylinder in a compound engine, the strains do not 
vary nearly so much during the stroke, and so the sizes 
necessary for the strains at the beginning of the stroke 
are much more nearly those required for the strains at 
the end of the stroke, and much unnecessary weight is 
saved. 

Also, the large variation in the strain during the 
stroke in the simple engine tends to cause jerkiness of 
action, most of the work being done at the beginning of 


the stroke; in the compound engine, this jerky action 
is much reduced. 
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The arrangement of two cylinders, dividing the ex- 
pansion of the steam into two stages, though very 
suitable for the moderate steam pressures used a few 
years ago (about 60 lbs., as a rule), still allows of a 
larger range of temperature than is desirable where the 
present pressures of 200 lbs. or more are used. Conse- 
quently most modern marine engines are made to divide 
the expansion into three stages instead of two, generally 
using three cylinders, known as the “high,” the ‘‘inter- 
mediate,” and the ‘‘low” pressure. 

In such an engine there would be two receivers, the 
intermediate between the high and intermediate pressure 
cylinders, and the low pressure between the _ inter- 
mediate and the low-pressure cylinders. 

Engines of this type are known as “‘ triple expansion ” 
or “triple compound,” and though three cylinders is the 
general rule in large engines, the low-pressure cylinder 
is often, on account of its large size, divided up into two 
smaller ones of the same total volume as the one large 
one. In this case there are, of course, four cranks, one 
for each cylinder. 


POSITIONS OF CRANKS IN COMPOUND ENGINES 


In the two-cylinder simple engine we saw that the 
best position for the two cranks was at right angles 
to each other, as by this arrangement the “turning 
moment” on the crank shaft was kept almost constant. 

In the ordinary compound engine also this arrange- 
ment is found to be the best, the high-pressure crank 
generally being in advance of the low-pressure when 


going ahead. 


_In the three-cylinder triple expansion engine the three 
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cranks are usually set at equal angles apart, while in the 
four-cylinder triple expansion and in the quadruple ex- 
pansion engines each crank is at right angles to the 
next. 

The arrangements of the ordinary compound engine 
with its two cylinders, the three-cylinder triple expansion, 
and the four-cylinder triple expansion engines are shown 
in igsa129,<120;;and 130. 
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CHAPTER Vill 


THE BOILER 


HERE are so many types of boiler that it is not 

advisable here to enter into any detailed descrip- 
tions, but the general principles which govern all types 
may be briefly sketched. 

The object of all boilers is to maintain a constant 
supply of steam for the engines at the desired pressure, 
and to give that supply on the smallest possible expendi- 
ture-of fuel: 

On board ship, where space and weight are matters of 
such great importance, naturally it is desirable to use the 
smallest and lightest possible boiler capable of keeping 
up the supply of steam, so that there may be more space 
available for the stowage of the fuel to enable the ship to 
steam long distances without renewing her supply. 

In all ships except the smallest ones, instead of having 
only one boiler (which would necessarily be very large to 
supply so much steam), a number of boilers of more 
moderate dimensions are used, and all these boilers are 
arranged so that they can be connected to the one main 
steam pipe leading to the engines. 

In order to use the fuel economically, it is necessary to 
arrange that the heat shall be able to pass as freely 


as possible from the fire and the hot gases resulting from 
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the combustion of the fuel to the water which is to 
be turned into steam, and as only a certain fixed amount 
of heat can pass through metal.of a given thickness in a 
given time, it is necessary that there shall be sufficient 
‘heating surface” to allow as much as possible of the 
heat from the fuel to reach the water, else there will be 
a great waste of heat by the gases going away up the 
funnel at a very high temperature, not having been able 
to part with sufficient of their heat to the water. 

In order to obtain this heating surface, the most usual 
plans are, either to pass the flame and hot gases from the 
furnace, which is surrounded by the water which is to be 
turned to steam, through a large number of tubes round 
which also is the water—furnace and tubes being enclosed 
in a “shell,” generally of cylindrical section with flat 
ends—or else to let the heat act on the outsides of tubes 
containing the water, the steam from these tubes passing 
into a “collector” common to all of them. 

The former of these types, where the heat passes 
through the tubes, the water being round them, is known 
generally as the “Scotch” or “tank” boiler, while the 
latter, where the heat is outside the tubes and the water 
inside, is known as the ‘“‘ water-tube”’ type. 

As only a given amount of heat is given off by the 
combustion of a certain quantity of fuel, this amount 
varying largely with different sorts of fuel, it is necessary 
that a large quantity of the fuel be burned in a small 
space, else the furnace would be too large. This can 
only be done by supplying air rapidly enough to cause 
the complete combustion of the fuel in a short time. 

We know the effect of using the bellows to blow up a 


fire, the rapid supply of air to the fire causing it to burn 
167 


Elementary Steam Engineering 


fiercely ; the same effect is obtained by the stretching 
of the newspaper across the front of the open fire- 
place above the grate, when all the air drawn up by 
the draught of the chimney has to pass through the 
fire. 

So in the furnace of our boiler the draught must be 
kept up, whether by making the “chimney” do its work 
to the best advantage, or else by the use of bellows or 
“fans,” generally worked by engines driven by steam 
from the boiler. 


MOUNTINGS NECESSARY FOR BOILERS OF ALL TYPES 


The feed check valve.—\We saw when considering 
the means of supplying steam to the engines on p. 47 
that a pump called a “feed pump” was used to feed the 
boiler with water to take the place of that which passed 
away to the engines in the form of steam. As it is 
necessary to be able to control the amount of water 
pumped into the boiler by the feed pump so as to keep 
it at its proper level, a 


screw-down non-return 


valve known as a ‘feed 


check valve” is arranged 


on the boiler to check or 
regulate the flow of feed 
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be stopped. By screwing down the spindle by means 

of the hand-wheel, the valve can be held firmly down 

on its seating, so that no water at all can enter the 

boiler, or by easing back the hand-wheel the necessary 

distance, the quantity of feed can be exactly controlled. 
Fig. 131 shows a section of a feed check valve. 


Safety valve.—Should the pressure rise too high, the 
boiler, being designed to stand only a certain pressure, 
must burst unless the excess of pressure be relieved. 
Suppose the engines are suddenly stopped when the 
fires are burning fiercely, the generation of steam still 
goes on, but as the engines are no longer taking any 
away, the pressure must naturally rise to a dangerous 
extent unless means be provided to allow of its escape. 

This means of escape is supplied by the safety valve. 

The general idea of the safety valve is very simple, 
consisting essentially of a hole, controlled by a stopper, 
through the top of the boiler, leading from the steam 
space, through which hole the steam can escape direct to 
the open air. 

This hole forms a “valve seating,” and is closed by an 
ordinary valve, generally of the “conical” type. The 
valve is held down on its seating by pressure applied to 
its top either by a weight or by means of springs, so 
that when the pressure in the boiler rises high enough, 
it will force the valve up off its seating against this 
counter-pressure and the steam will escape through the 
hole, the pressure in the boiler thus being prevented 
from rising any higher. 

Naturally such a crude arrangement as this would not 


do in real practice, so a valve box is bolted on to the top 
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of the boiler over this hole, the interior of the valve box 
being in direct communication with the steam space of 
the boiler. In this valve box are two or more seatings, 
closed by valves held down on the seatings by springs 
fixed to the cover of the valve box. From the upper 
part of the valve box, above the valves, a pipe is led 
away to the open air. 

The pressure which must be exerted by the springs to 
keep the valves on their seatings against the pressure 
inside the boiler can very easily be calculated. Suppose 
the boiler pressure to be 200 lbs. per square inch and 
the diameter of each valve seating to be 3in. Then 
the area of the under-side of the valve, which will be 
exposed to the boiler pressure, will be 7 square inches. 

So the total upward pressure on the valve will be :— 

7 x 200 lbs. = 1,400 lbs., 
and the spring must be adjusted to exert this pressure 
on the back of the valve. 

Naturally if the pressure inside the boiler rise above 
200 lbs., it will force the valve up off its seating against 
the downward force of the spring and the steam will 
escape, preventing any further rise of pressure. 

As soon as the pressure inside the boiler has fallen 
again to the 200 lbs. the spring will reassert itself and 
close the valve, keeping the pressure at the 200 lbs. 

We have said that weights or springs can be used to 
keep the valves down on their seatings, but though this 
is generally the case, weights would not do on board 
ship, on account of the effect the pitching and rolling of 
the ship would have on the weights themselves; so for 
all ship work we must confine ourselves to the use of 
springs only. 
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Two or even three separate valves are fitted in the 
one safety valve box, so that, should one of the valves 
by any means become jammed, we would still have the 
other or others to rely on, each valve being designed to 
allow of sufficient steam to escape, independent of the 
others, to prevent an accident through excessive pressure. 

In all safety valves, arrangements are made to enable 
the valves to be lifted by hand off their seatings, against 
the pressure of the springs, so as to ensure their being 
free and in proper working condition at all times. 

Fig. 132 shows the front elevation, half in section, of 
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a safety valve, of which Fig. 133 is the end elevation, 


showing the lifting gear. 


The stop valve.—As the feed check valve regulates 
the supply of feed water to the boiler, so the stop 
valve regulates the flow of steam from the boiler. In 
the chapter on cocks and valves on page 129 we 
have already considered the subject of the stop valve, 
and Fig. 117 shows the construction of a “self-acting 
stop valve,” so it will suffice to refer back to that 
chapter with regard to the stop valve as a_ boiler 


mounting. 


Water gauges.—That the water in the boiler should be 
kept at the correct level is a matter of great importance. 
If the water level be too high there is great danger of 
water passing over with the steam to the engines. We 
saw the necessity for “cushioning” in the cylinders in 
order to ease the shock of the reversal in direction of 
motion of the reciprocating parts of the engine, and 
also we saw the necessity for “clearance” at the end of 
the stroke, so that the piston should not by any possibility 
strike the ends of the cylinders. 

Water we know to be incompressible, so if a quantity 
of water find its way into the cylinder with the steam, 
this water coming, at the end of the stroke, between the 
piston and the end of the cylinder, would be almost 
equivalent to doing away with the clearance, and there 
would be a heavy shock each time the piston reached 
the end of the stroke. In fast-running engines this 
might be very serious, resulting in the breaking of the 
cylinder or piston. 
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This passing of water from the boiler to the engines 
” and must be avoided. 
On the other hand, should the water level in the 


_ boiler be too low, some part of the heating surface will 


is called “ priming, 


not be covered with water, with the result that the metal 
will be overheated at that point and will very probably 
give way. 


d 


This “shortness of water” is the most fruitful-cause of 
boiler explosions. 

In order to be able to teil accurately at what level 
the water stands in the boiler, “gauge glasses” are used. 

The gauge glass consists of a strong glass tube 
connected at the top end with the steam space of the 
boiler, and at the lower end with the water space, and 
arranged on the front or side of the boiler at such a 
height that the middle of the gauge glass will be at the 
height of the correct working level of the water in the 
boiler. The lower end of the glass should be an inch 
or so above the highest part of the heating surface, so 
that so long as water is visible in the glass the boiler 
will be safe. 

Obviously the level of the water inside the boiler will 
always be shown by the height of the water in the gauge 
glass. 

As gauge glasses are liable to break it is necessary to 
be able to shut off both the steam and the water from 
the glass, and to this end cocks are fitted on the two 
pipes leading from the inside of the boiler to the gauge 
glass. 

Means must also be provided to enable a broken glass 
quickly to be removed and replaced by a new one. 

Also, the gauge glass and the passages to it from the 
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boiler are liable to become choked by sediment floating 
on the surface of the water, which necessitates a drain 
cock being fitted at the 
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have some reliable means of 
telling at all times what that 


pressure is. 
In our experiments to 


demonstrate Boyle’s Law 
(on pages 43 and 45) we measured our pressure in two 
ways— 

(1) By the height of the column of mercury which the 
pressure would support. 

(2) By the actual weight which the pressure would 
support when acting under a piston of known area, on 
which the weight was fixed. 

Obviously neither of these plans is suitable for work 
on board ship, so what is known as the “Bourdon 
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pressure gauge” is used, the principle of which is very 
simple. 

A curved metal tube of oval section, closed at one 
end, is connected by a small pipe to the boiler, so that 
the interior of the tube is subject to the steam pressure. 

The tendency of the pressure inside the oval tube 
is to cause it to become more nearly round in section 
(e.g. the inflating of the inner tube of a bicycle tyre, 
which, when empty, is flat, but when inflated becomes 
round). 

As the oval tube is arranged edge-on to the way 
in which it is curved, the tendency is for it to straighten 
itself when the pressure inside it is increased, and its 
section becomes rounder, and the greater the pressure 
the greater this tendency. So the closed end of the 
tube will naturally move as the tube alters its curvature, 


i 
a 
— ; 
ch (as cat (a ¥ 
: aes 
4 
Z 
/ Lies 
Pig] 
sae 
=e 
—— 
ial [ 
A H 
1 | i ip 
FIG. 136 FIG. 138 FIG, 137 


175 


Elementary Steam Engineering 


the other end being fixed, and by the amount of this 
movement we can tell the pressure. To make the 
indications more readable, this motion is multiplied and 
transmitted by a simple mechanism of toothed wheels to 
a pointer, revolving about. the centre of the gauge and 
showing on a scale marked round the face of the gauge 
the pressure inside the tube. 

The marking-off of this scale is done by comparing 
with a mercury pressure gauge of the type already 
considered on p. 43. 

The arrangement of the Bourdon pressure gauge is 
shown in Fig. 136, Figs. 137 and 138 showing the 
curved tube and an enlargement of its section. 


176 


CHAPTER, 1X 


MATERIALS USED IN THE CONSTRUCTION OF THE 
STEAM ENGINE AND OF MACHINERY GENERALLY 


OUGHLY speaking, the raw material is brought 

into the required shape and ready for “machining” 
and “fitting” into its place in the engine by one or 
other of two methods. 

These are— 

(1) “Casting ””—where the material is melted in a 
furnace, and while in the molten state is poured into 
a “mould” of the exact shape required. When the 
molten metal has solidified, the mould is removed, the 
casting being completed. 

(2) “Forging ’—where a mass or “ingot” of the 
metal is gradually worked into the required shape by 
hammering, sometimes cold, but very much more 
generally at or about a red heat. 

In both cases any working surfaces or parts which are 
required to fit accurately are left somewhat large, to 
allow for machining and fitting them into perfect 
accuracy, as this cannot be obtained either by casting 
or by forging. 

CASTING 

The process of casting is roughly as follows :— 

First, a wooden “pattern” is made of the exact shape 
and a very little larger than the object required. 
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Then a special sort of sand called “moulding sand ” is 
carefully packed round the pattern, a “box” (which is 
really like a box without top or bottom) being placed 
round the pattern to keep the sand in place. This sand 
is made a little damp in order to make it “bind.” Ona 
very frosty day snow will not bind and we cannot make 
snowballs of it, it is so dry and crumbly. When, how- 
over, it is less cold and the snow is inclined to thaw and 
~ so become damp, it binds well, but it must not be too 
wet. The sand binds in much the same way when 
damp. 

The mould is so made (generally in two parts) that 
the wooden pattern can be removed, leaving a hollow 
space in the sand of the exact shape and size of the 
pattern, and a hole is made from the top of the sand 
leading into the inside of the mould, this hole being called 
the “runner,” and through it the molten metal is “run” 
into the mould. 

After the pattern has been withdrawn the mould is 
dried on the surface to make it harder, so as to stand the 
rush of the metal when it is poured in. 

When the metal has ‘‘ set” or become solid and cooled 
down, the sand of the mould is broken away, leaving 
the casting of the same shape and nearly of the same 
size as the pattern. 

Nearly all metals shrink more or less on cooling, so it 
is necessary to make the pattern a certain amount larger 
than the casting is to be when finished. 

The arrangement of a mould for casting a simple 
object such as a short solid cylinder is shown in Fig. 139. 
The mould in this case is made in two halves in two 


boxes, half the pattern being in either box. 
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A is the “runner,” B the actual mould, and C the 
“riser” or “vent” to allow the air to escape from 
the inside of the mould as the metal is poured in. This 
also permits any dust which may be in the mould to 
float upon the top of the molten metal through the 
riser, and prevents it spoiling the casting. 
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When the metal comes up in the riser, we know that 
the mould is full. 

The two halves of the box are fixed together by means 
of “cotters” or wedges passing through pins fixed to the 
one part of the box, and passing through suitable pro- 
jections in the other part, to prevent the pressure of the 
molten metal in the mould from forcing the two parts 
asunder, and allowing the metal to escape. In small 
castings, instead of ‘‘cottering’’ the boxes together, it is 
usual to place weights on the top of the mould, which 
answers the same purpose, and saves time. 

Where hollow spaces are required inside a casting, 
“cores” of moulding sand or “loam” are made, of the 
exact shape of the required hollows, and are put in 
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position inside the mould, supported by projections on 
the ends of the core which fit into hollows arranged to 
receive them in the mould itself; these hollows are made 
when preparing the mould, by pieces of wood called 
‘prints’ fixed on to the pattern in the necessary positions. 

Fig. 140 shows the section of a T-shaped piece of 
pipe, for which Fig. 141 is the pattern, BBB being the 
_prints, and Fig. 142 shows the lower half of the mould, 
in plan, A, the core, being supported at BBB, C being 
the runner, through which the metal is poured into the 
mould. 
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A riser would be arranged in the top half of the 
mould, leading from the top of one of the flanges. 

These cores are made in a ‘‘core box,” which is prac- 
tically a wooden mould, into which the sand is ‘“‘rammed,” 
and after removal from the core box, the core is carefully 
dried to make it strong enough to handle and to stand 
the rush of the metal when it is poured into the mould. 

When the casting is taken out of the sand the core is 
broken up and removed, leaving the hollow space clear. 

Naturally, in this process, a new mould has to be made 
for each casting, the mould being destroyed, as we have 
seen, in removing the casting. The sand can, however, 
be used over again many times, though it gradually 
loses its ‘“‘ binding” power. 


FORGING 


Forging, the other method by means of which the raw 
material can be brought into shape, merely consists of 
hammering it when made soft by being heated to a red 
heat, in such a way that it gradually assumes the required 
shape. 

Some sorts of forgings can be made by squeezing 
the red-hot metal into iron moulds called “dies” by 
means of hydraulic presses. Such forgings, however, 
can only be of comparatively simple form, and the dies 
are very expensive to make, so unless a large number of 
forgings of exactly the same pattern are required, it 
would not pay to use this process. In forging, it is not 
always convenient to make the object out of one single 
piece of metal, so it is built up, piece by piece, more 
metal being added on by “welding” where required. 


Welding consists of bringing the two pieces together at a 
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“welding heat” (which is about what is popularly known 
as ‘white heat”) and hammering them thoroughly at the 
junction, when the two parts unite and practically become 
one piece, a good weld being as strong as the original 
metal, or even stronger. 

Forging generally is a much more expensive process 
than is casting, unless the object be a very simple one. 


IRON 


The material most extensively used in engineering 
work is iron, which is obtained from iron ore by a process 
called “smelting.” 

This process differs for the various sorts of iron ore, 
several of which are found in Great Britain. 

Generally, iron ore consists of a combination of pure 
metallic iron with a gas named oxygen, which is one of 
the constituents of air, and is the part of the air which 
supports life, and which is used up when anything is 
burned. 

When a piece of iron has long been exposed to the 
action of the air and moisture it becomes “rusty,” that is, 
it has slowly combined with the oxygen of the air and 
turned back into one form of iron ore. This gradual 
“conversion” of iron back into an iron ore takes place 
much more rapidly in the familiar laboratory experiment 
of burning a bundle of thin iron wire in a vessel contain- 
ing oxygen gas, a little powdered sulphur having been 
put on the end of the wire and lighted before plunging 
the bundle into the oxygen, to start the process. This 
burning is simply a rapid combination of the metallic 
iron with the oxygen, forming an “oxide” of iron, just 
the same as burning a piece of charcoal or carbon, as it 
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is called in chemistry, in air, when the carbon rapidly 
combines with the oxygen of the air to form an oxide of 
carbon, except that in this case the product of the com- 
bustion is a gas, instead of a solid, as is the case when 
the iron is converted into an oxide. 

In smelting, this process has to be reversed, the 
oxygen having to be removed from the iron ore, so as 
to leave the iron only behind. 

To remove the oxygen, carbon is used. The fuel 
(coal and coke consist chiefly of carbon), which- also 
supplies the heat required to make the chemical action 
take place, providing this carbon. A mixture of coke 
and iron ore is placed in a furnace, and the coke is set 
on fire, a “blast” of air being forced into it to make it 
burn fiercely and give the necessary heat. 

As the fuel burns it not only combines with the 
oxygen of the air, but also combines with the oxygen of 
the iron ore, leaving the iron free, the oxide of the 
carbon passing off as a gas. During this process of 
removing the oxygen from the ore a considerable 
quantity of carbon combines with the iron, and this 
carbon renders it much more fluid—the pure iron at a 
high temperature simply being a pasty mass, unable to 
run into any sort of mould. 

This combination of iron and carbon is run out of the 
smelting furnace into rough shallow sand moulds, and is 
called “ pig iron.” 

From this pig iron, cast iron, steel, and wrought iron 
are made, these three being simply iron with more or 
less carbon in combination, in the case of cast iron and 
steel. If this pig iron be again melted by means of 


heat in a furnace, it becomes quite fluid and can be run 
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into the moulds made of the required shape in the 
manner we have seen, and the result is—iron castings. _ 

As we have said, cast iron contracts on cooling, and 
due allowance must be made for this contraction in the 
patterns, which have to be somewhat larger in all direc- 
tions than the castings are required to be when finished. 

Castings generally are of irregular shape and thick- 
ness to suit the various purposes for which they are 
~ intended, and naturally the thin parts cool very much 
more rapidly than do the thick. 

The consequence is that the thin parts. “set” and 
become solid while the thick parts are still more or less 
liquid, with the result that the thick parts tend to break 
away from the thin, when they in turn become solid. 

Naturally, very heavy strains result in the castings 
themselves, rendering them unreliable and subject to 
fracture without apparent reason. So great, indeed, are 
these unknown ‘“‘internal stresses” that sometimes cast- 
ings are found to be already fractured by the strains set 
up in themselves, on taking them out of the mould. 

To reduce as far as possible the evil effects of this 
unequal shrinking of the various parts of the casting as 
they cool, all parts should be made as nearly as possible 
of one thickness, and where this is impossible, as is very 
often the case, the change from a thin part to a thick 
should be made gradual, by rounding off the corners at 
the junction, as shown in Fig. 143, where the corners at 
the root of the thin “web” are rounded off where they 
meet the thick part. Were this not done, fracture would 
almost certainly take place at the root of the web, as 
shown in Fig’ 144. 


Generally, changes in shape or thickness in castings 
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should be made as little abrupt as possible on_ this 
account. 

’ Cast iron is also liable to ‘“blow-holes” or bubbles 
forming underneath the surface during “ solidification,” 
like the air bubbles one sees in ice (which, however, are 
due toa very different cause); but as these cannot be 
seen in the iron, we cannot tell how much the casting 
may be weakened by them, as naturally, there being 
that amount of metal less to stand the strain, the casting 
must be weakened where the blow-hole is. 
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FIG. 143 FIG. 144 


In consequence of these bad properties of cast iron, it 
is necessary to allow a very large ‘‘ margin of safety” in 
iron castings, that is, the thickness must be considerably 
greater than would be necessary if the material were 
entirely reliable, to allow for possible defects. 

Cast iron is much stronger to resist ‘‘push” than 
“pull,” or its ‘‘crushing strength” is much greater than 
its ‘‘tensile” strength. Consequently cast iron, though 
very suitable for any parts of machinery which have to 
resist push or “compression,” is quite unsuitable for 
parts which will be subjected to pull or “tension.” 

The weight which is required to crush a short bar of 
cast iron of one square inch in sectional area is some- 
where about 48 tons, while a pull of 8 tons is sufficient 


to break a similar bar. 
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Owing to the weakness of cast iron under tension, 
and the fact that it is incapable of ‘‘elongation,” but 
gives way suddenly when the strain becomes too great, 
it is an unsuitable material. for any part which will be 
subjected to a bending force, when the one side of the 
part is subjected to a crushing strain, while the other 
side is in tension. 

Where cast iron is used for beams and such like, if the 
‘beam be of H section, as is usually the case, the H being 
set on its side so that the beam really consists of two 
parallel bars or “flanges” of cast iron united by a web, 
then we see that usually the lower flange is made very 
much stronger than is the upper one, to allow for the 
difference between the tensile and compressive strengths 
of the iron, the upper flange being in compression, while 
the lower one is in tension. 

In spite of these objections, cast iron is still the 
material most used for the manufacture of a large pro- 
portion of the parts of an engine, and in engineering 
work generally, on account of its cheapness and stiffness, 
and the ease with which castings, even of intricate 
shapes, can be made from it. 


WROUGHT IRON 

This cast iron contains a large amount of carbon, 
which makes it very fluid and easy to run into the 
moulds; but owing to this carbon, it cannot be “worked” 
at a red heat—that is, if we hammer it, instead of yield- 
ing in the place hit by the hammer, and so taking a new 
shape (as would damp clay or lead), it crumbles to pieces. 

In order to make the cast iron “workable,” it must be 


turned into wrought iron by removing the carbon. 
186 


TA UR eS ee 


VTE Cues g Sree dy OM 


pep ON Weng + 


Materials Used 


To do this, when it is in a molten state airis forced 
through it in a furnace, the molten mass continually 
being stirred or ‘“ puddled,” when the carbon in the cast 
iron combines with the oxygen in the air, passing off as 
a gas, leaving behind the pure iron only. 

As a matter of fact this iron is by no means “ pure,” 
there being many impurities mixed up with it, the chief 
of these being ‘‘ slag” (which is a fusible glassy mixture, 
used to protect the iron from the action of the air during 
puddling). 

To remove this slag, the newly-formed wrought iron 
is taken from the furnace while still white hot and in a 
pasty state, and is passed between powerful iron rollers 
driven by machinery, or else hammered under a steam 
hammer, when the slag is squeezed out of it much in the 
same way as the butter-milk is squeezed out of the 
butter or the water out of a wet cloth. The wrought 
iron is now in a fit state to be forged into any desired 
shape, and, if necessary, more pieces of wrought iron can 
be welded on to this piece. 

If the iron is to be made into rails or angle iron or 
bars or plates, it is taken from these first ‘rolls,’ 
while still red hot is passed through other sets of rolls, 


b) 


and 


each of which draws the iron out longer and longer, and 
nearer and nearer to the desired shape, until the last pair 
of rolls, the surfaces of which have been made of the 
shapes of the two sides of whatever section is required, 
finish the operation, the rough and shapeless lump of 
wrought iron which was taken out of the puddling 
furnace being in the space of a few seconds converted 
into long lengths of rails or angle irons, or what not, 


each true to gauge, any part of any one of which being 
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exactly like any part of another. Where plates are to be 
made, the rolls are of course flat, or rather, true cylin- 
drical, and the lump of iron is passed backward and © 
forward through the same pair, which are gradually 
brought closer and closer together on each successive 
passage of the iron until the desired thinness is reached, 
the iron never having been reheated during the process, 
and never really having been taken out of the rolls. 

When the spongy lumps of newly-made wrought iron 
have been removed from the furnace and the slag 
squeezed out in the rolls or under the steam hammer, 
the rough blocks of clean iron are known as “ blooms.” 
These blooms are not of any very great size; so if a 
large forging is to be made, a number of these blooms 
are heated to a welding heat and brought together, and 
by means of the steam hammer are welded into one 
solid mass of the desired size, from which a crank shaft 
or any other forging can be made. 

Wrought iron is a very tough and strong material, 
which, in addition to being easily forged at a red heat, 
can be bent when cold to a considerable extent without 
fracturing. Also, it is very ductile, that is, it can be 
‘drawn down” into very thin wire by dragging it 
through tapered holes in a steel plate, each hole being 
slightly smaller than the last, until the desired degree of 
fineness is reached. 

It will not stand so great a crushing strain as will cast 
iron, giving way under a load of about 17 tons to the 
square inch, as against the 48 tons required to crush the 
cast iron pillar of 1 square inch in sectional area. On 
the other hand, it will stand a much greater tensile 


strain—namely, 22 tons to the square inch, against the ~ 
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8 tons for cast iron. Also, when subjected to a tensile 
strain, it does not give way suddenly when the limit of 
its strength is reached, as does cast iron, but elongates 
to a considerable extent before actually giving way. 

Generally, wrought iron is a very reliable material, 
not subject to sudden fracture from unknown causes as 
is cast iron, and, under proper treatment, is relatively as 
strong in the thin parts as in the thick, there being no 
loss of strength where the thin part joins on to the thick. 

The chief objections to its use are that, owing to its 
having to be forged into shape, intricate pieces are most 
difficult to make, and hollows inside a forging are almost 
impossible. Also, though its tensile strength is much 
greater than that of cast iron, it falls considerably short 
in the matter of strength when under compression. 


STEEL 


Between wrought iron and cast iron comes steel, in 
that it contains a certain proportion of carbon, though 
not nearly so much as does cast iron. 

It has most of the good points of both these materials, 
beside many possessed by neither. 

It is found that by adding a certain amount of carbon, 
varying from o'r to 1°5 per cent., to the pure iron, the 
strength of the material, which is now called steel, is 
greatly increased, both as regards tension and compres- 
sion. 

There are many processes by which steel is made, 
some by removing a part of the carbon from cast iron, 
others by adding carbon to wrought iron, but all having 
the same general result. 


If the percentage of carbon in the steel be relatively 
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large, it can still be cast, as can cast iron, but with 
difficulty, not being nearly so “fluid” as the cast iron. 
Also, it is extremely subject to blow-holes, which often 
render the casting useless. . The higher this percentage 
of carbon the more easily can the steel be cast and the 
less the liability to blow-holes; but such steel is extremely 
hard and brittle, and very difficult to “work,” and owing 
to its lack of “toughness” is of but little use in the 
“manufacture of machinery. 

So, generally, cast steel is made with a lower percentage 
of carbon when it is less hard and brittle. 

When we see tools marked “cast steel,” the steel is 
obtained by first raising bars of wrought iron imbedded 
in charcoal to a high temperature, and keeping them 
at this temperature for a considerable time, when the 
wrought iron takes up sufficient carbon from the fuel _ 
to turn it into steel. 

This steel is then broken up into small pieces and 
melted in a “crucible,” after which it is poured into a 
cast-iron mould which has been previously heated, and 
on being removed from the mould, which is generally of 
rectangular or octagonal shape, the “ingot,” as it is 
called, is carefully reheated and then forged into bars 
ready for making the tools, when it is known as “cast 
steel” or ‘‘ tool steel.” 

When the tool has been made into the required shape, 
it is first “ hardened” by suddenly cooling it by plunging, 
when at a red heat, into water or oil, which makes it 
extremely hard, but also very brittle. After hardening, 
the tool is first ground on a grindstone or emery wheel 
into the exact shape required, and then is again heated 
to a certain point, this reheating being called ‘‘tempering,” 

190 


ra ey et ee 


ape k RISE ATE Se aT UN ae de RNS ghee te 


ee hina 


es 


Materials Used 


when it becomes less hard but also very much less brittle, 
and is now ready for final grinding and sharpening on 
an oil-stone. According to the amount of this reheating 
or tempering, so the hardness and brittleness of the steel 
vary. 

We know that the blades of a pocket-knife sometimes 
snap off and sometimes bend. If they snap (supposing 
the steel originally to have been good), it means that the 
tempering after hardening was not carried far enough, 
while if they bend, it was carried too far, making the 
steel soft and “malleable.” The “hard” blade (which 
snapped) could be made very sharp, though the edge 
soon broke away, while the “soft” blade could not be 
sharpened at all well, the edge ‘‘turning” and refusing 
to cut. 

If this hardened or tempered steel be again brought 
to a red heat and allowed to cool very slowly by bury- 


img 


ing it in ashes or lime, it is ‘‘annealed” or made com- 
paratively soft, when it can be filed or cut in a machine. 

This sort of steel is not suitable for engineering work 
generally, partly on account of the difficulty of working 
it, whether hot under the hammer, or when annealed, 
with file and chisel, but also because, though immensely 
strong both under tension and compression, it is not 
very reliable on account of its brittleness and its liability 
to break under sharp and repeated blows. 

In the making of engines, boilers, and nearly all 
ordinary engineering work, a much softer kind of steel 
known as ‘mild steel,” containing considerably less 
carbon, is used. 

This mild steel is exceedingly malleable and ductile, 
it works well and easily when at a red heat, and also 

I9I 


Elementary Steam Engineering 


can be bent and twisted into almost any shape when 
cold. It can be welded, though with difficulty, and is 
generally most reliable. It cannot be hardened or 
tempered as can cast steel, but it does not need such 
careful annealing after being heated. Sound and reliable 
castings are now being made by several processes, of 
mild steel; but all these processes are still more or less 
expensive, which prevents the general substitution of 
~mild-steel castings for the cast-iron ones which are so 
easily made. 

The tensile strength of mild steel averages about 28 tons 
to the square inch, as against the 8 tons for cast iron, and 
the 22 tons for wrought iron. Its strength under crush- 
ing strain is much greater than that of wrought iron, but 
is not so great as for cast. 

For almost all purposes in engineering mild steel is 
rapidly taking the place of wrought iron; for the plating 
of hulls of ships it is especially valuable, as, on account 
of its great strength and toughness, much thinner and 
lighter plates can be used. 

Next in importance to the engineer, after iron and 
steel, come copper, tin, and zinc. 


COPPER 


Copper in the metallic state is found in several parts 
of the world, but not to any great extent in the British 
Isles, where most of the metal is obtained from its ores. 

There are many different sorts of copper ore, the 
metallic copper combining with many other metals and 
minerals, so it is impossible to give any general idea 
of the processes by which the metal can be obtained 
from the ore as could be done in the case of iron, the 
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processes varying so greatly with the different sorts of 
ore. When the metallic copper has been obtained it 
is cast into “ingots,” which are then rolled into sheets, 
or drawn into wire, the metal being extremely ductile. 

By itself, copper is not of very much use in engineer- 
ing, except for making steam and other pipes, for which 
it is peculiarly suitable, by reason of its being readily 
worked ‘‘cold,” which allows of the pipes being con- 
veniently bent to the required shapes. 

It does not make good castings, nor can it be welded. 
It is one of the best conductors of heat, and so is used 
to a certain extent for the fire boxes of locomotives, 
to allow the heat of the fire to pass freely through it to 
the water in the boiler. It is very largely used in all 
electrical work in the shape of wire, being also an 
excellent conductor of electricity. 

Where two pieces of copper have to be joined 
together, or flanges fixed on to the ends of a pipe, it 
is done by “brazing,” an “alloy” (or mixture of certain 
metals) called “spelter” being melted into the joint, 
the parts to be joined by the spelter being raised to 
a red heat, the surfaces of the metal being meanwhile 
kept from the action of the air (which would oxidise 
them and prevent the spelter from adhering) by what is 


‘known as a “flux,” the usual flux being borax, which 


melts and forms a sort of glaze over the copper, under 
which the melted spelter works itself, making a very 
strong joint. 

When copper is being worked cold it requires anneal- 
ing from time to time; unlike steel, which is annealed 
by bringing to a red heat and cooling very slowly, 
copper is annealed by “quenching,” when red hot, in 
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water, when it again becomes soft and workable. If this 
annealing be not done often enough, the copper becomes 
hard after much hammering, and finally splits, thus 
spoiling the work. , 

Pieces of copper can also be joined together by 
“soldering,” which is somewhat the same as brazing, 
except that the solder melts at a very much lower tem- 
perature than does the spelter, which is convenient, but 
it makes by no means a strong joint. 

Copper has its greatest value to the engineer when 
melted together with tin and zinc to form alloys, known 
generally by the name of “brass.” 

The copper in itself is too soft to be of much use, and 
does not work well with the file or in the machine, 
but the addition of a certain proportion of either tin 
or zinc, or both, gives a resultipg alloy much harder and 
stronger than either of the original metals, easily cast, 


and working well with the file or in the machine. 


GUN METAL QR BRONZE 


The particular sort of “brass” which is most used in 
good engineering work is “gun metal” or ‘‘ bronze.” 

This alloy contains copper, tin, and zinc, in pro- 
portions varying, for different purposes, between the 
following limits :— . 


Copper . 80 to 88 per cent. 
Jing : oO te teem 
Zine. . F . J 2tows 


Generally, as the proportion of tin is increased, so the 
gun metal becomes harder and more brittle. 
Gun metal melts at a much lower temperature than 
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does cast iron, and being very fluid when melted, runs 
freely into the moulds, giving good, sound, and strong 
castings, little liable to blow-holes, and much tougher 
than cast iron, and consequently better able to stand 
shocks and jars. 

Iron, we saw, somewhat rapidly ‘““corrodes” in the 
presence of air and moisture, combining with the oxygen 
of the air to form an oxide. Gun metal, however, 
remains practically unaffected by air and water, which, 
in addition to its great reliability, makes it peculiarly 
suitable for the manufacture of cocks and valves and the 
parts of pumps which are exposed to the action of the 
water. 

These considerations also make it the most suitable 
material for screw propellers and their fittings. 

Owing to its great first cost, gun metal is not generally 
used for large castings. For cylinders and such like, 
cast iron really is more suitable on account of its stiff- 
ness, and the fact that its harder surface stands the wear 
and tear due to the working back and forth of the piston 
and slide valve better than would gun metal. 

The working parts of bearings, such as plummer 
blocks, thrust blocks, and main bearings, are usually 
made of gun metal, as also are crank and cross-head 
brasses, as it is found that the friction between gun 
metal and iron or steel, provided the bearing surfaces 
are properly lubricated, is slight; and owing to the gun 
metal being the softer, the bearing, which is easily 
renewed, wears away instead of the “‘ journal ” or bearing 
surface of the crank shaft or pin, which cannot well be 
renewed. 

In making gun metal from the copper, tin, and zinc, 
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the copper, which requires the greatest heat to melt 
it, is first melted down in a crucible in the furnace ; 
then the tin is put in, the molten copper supplying 
the necessary heat for melting it, the alloy remaining 
fluid, though at a considerably lower temperature than 
was required to melt the copper when alone. Finally 
the zinc is added, the mixture being. thoroughly stirred 
during the operation. The temperature of the mass 
has again fallen, but notwithstanding this, it still remains 
quite fluid, the melting point of copper being 1,950 
degrees Fahrenheit, while that of gun metal is only 
1,830 degrees. 

Generally, in foundries, instead of making all new 
metal from the copper, tin, and zinc, old worn-out 
castings and pieces of machinery and the turnings and 
borings from the machine shop, are remelted and cast 
into ingots, to get rid of some of the dirt and im- 
purities, and to render the metal more uniform in its 
composition. These ingots are then used for the 
making of the castings. 


BRASS 


Brass, properly so called, contains no tin, being an 
alloy of copper and zinc in the proportions of about 
67 per cent. of copper to 33 per cent. of zinc. It is 
considerably softer than gun metal, and so is not much 
used for castings for engines. If the proportion of 
copper be slightly increased, to say 68 or 70 per cent., 
the brass becomes very malleable and ductile, and can 
be drawn into wire or “solid drawn” tubes, in which 


form it is much used for the tubes of condensers 
and such like purposes. 
196 


WY A ey 


- 


i brow te fad que mua’ & oo 2 era ee 
NODA py eh DAS PRAE RR any BAT aA. 


Materials Used 


MUNTZ METAL 


Muntz metal, another form of brass, contains about 
60 per cent. of copper to 40 per cent. of zinc, to which 
1 per cent. of lead is added, to make it still more 
malleable. 

It can be forged while hot, or rolled into sheets and 
bars, and having considerable tensile strength, is much 
used for making bolts and rods for pumps. 

There is one serious objection to the use of Muntz 
metal for work in salt water, for when the bolts are 
in contact with copper or gun metal in such positions, 
galvanic action takes place, the zinc in the Muntz metal 
being eaten away, leaving only the copper. 


NAVAL BRASS 


It has been found that this galvanic action is pre- 
vented by the addition of a little tin to the Muntz 
metal, so an alloy of copper, 62 per cent., zinc, 37 per 
cent., tin, I per cent., is generally used instead of 
Muntz metal for naval work, the other properties of 
the two alloys being practically the same. This alloy 
is ,.known as ‘naval brass.” 


TIN 


Tin is not used by itself in engineering work. Even 
the so-called tin plate is not really tin, but is sheet iron 
or steel coated with tin to preserve it from the action of 
air and moisture. The sheet iron, after being thoroughly 
cleaned, so as to have a real metallic surface, is rubbed 
over with sal-ammoniac to act as a flux, and then 
dipped in a bath of molten tin, when a certain amount 
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of the tin sticks to the surface of the iron, forming a 
coating practically impervious to air or moisture. 

The chief use of tin, however, as we have seen, is in 
the making of alloys with copper. 


ZINC 

By itself this metal is only used, in engineering work, 
for the purpose of protecting iron or steel surfaces from 
the effects of galvanic action. Thus, inside boilers 
“slabs” of zinc are suspended in ‘‘ metallic contact” 
with the iron of the boiler, and when galvanic action 
takes place, as it often does, the zinc is eaten away while 
the boiler itself does not suffer. Zinc is also used for 
protecting the surfaces of steel and iron somewhat in 
the same way as is tin, but its good effects are more 
lasting. 

Articles thus coated with zinc are called ‘“ galvanised.” 
Zinc is extensively used, as we have seen, in the making 
of alloys with copper. 

LEAD 

Lead is not used at all by itself in engines, except 

for “ counterbalance weights,” when its high “ specific 


gravity” is valuable. It is, however, used to some 
extent in certain alloys. 


ANTI-FRICTION METALS 


It is found that where two metal surfaces work against 
each other, under pressure, even though properly lubri- 
cated, much better results are obtained, as regards 
friction, where the materials of which these surfaces are 
made, are suitable. 


As one of these surfaces, such as crank pin or cross- 
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head pin, is almost invariably of wrought iron or steel, 
we need only consider the other bearing surface. 

A wrought-iron or steel bearing surface is the worst 
possible, there being a great tendency for the two parts 
to ‘seize’ together, when both journal and bearing are 
ruined. 

Cast iron makes a very much better bearing surface 
than does wrought iron, and is used to a considerable 
extent for the plummer blocks of cheap machinery. 

Gun metal again is much better than cast iron, and 
is the material most commonly used for the purpose, 
especially in small work. On account of the high first 
cost of gun metal plummer blocks and the “ bodies” of 
bearings generally are made of cast iron, with a pair 


d 


of “brasses,” as they are called, fitted in the cast iron 
for the journal to work on. 

Better still than gun metal are the various special 
alloys known generally as “white metal.” This white 
metal is very soft, and would not be strong enough to 
stand the strain alone, so brasses are used with a com-. 
paratively thin layer of white metal on the inside to 
form the bearing surface. 

The white metal is kept in place in the brass and 
prevented from being squeezed out by “fillets” made 
in the brass itself, the fillets, however, not actually 
touching the journal. 

Formerly white metal was only used in main bearings 
and plummer blocks, but now it is also being used for 
crank-head_ brasses, cross-head brasses, and for lining 
the face of the guide slipper, where it rubs against the 
guide ; also the faces of the thrust collars in the thrust 
block are made of white metal. 
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The composition of the different kinds of white metal 
varies considerably, but generally they contain the follow- 
ing metals—tin, copper, antimony, lead, with, in some 
sorts, zinc and iron as well. 


In an engine, these materials are used as follows :— 


Cast tron or cast steel for practically all the fixed parts, 
which are not generally subjected to shock and jar as 
are the moving parts; also for slide valves and the 
eccentric sheaves. These parts are usually of such 
complicated shape as to render the use of forged 
material impossible. Owing to the difficulty of obtain- 
ing really sound steel castings, it is more usual to make 
the cylinders of cast iron, inside which is very generally 
fitted (in large work) a “cylinder liner” of forged steel 
or hard close-grained cast iron, which forms the actual 
working “barrel.” 

Pistons are now almost invariably made of cast steel, 
as owing to the simplicity of their shape there is a 
reasonable probability of obtaining a sound casting. 
Even if the first casting should prove a failure or 
“waster,” the cost of making a new mould would not 
be great. 


Wrought tron and mild steel are used for all moving 
parts except the pistons and slide valves, these parts 
being generally subject to alternate tension and com- 
pression, excepting the shafting which acts by torsion, 
for which cast materials are not suitable. 


Copper is used for pipes, whether for steam or water, 
though mild steel is now being largely used for main 


and auxiliary steam pipes on account of the high 
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pressures of steam generally employed, the necessary 
strength being obtained on much less weight. 

Gun metal is used for all cocks and valves and 
cylinder and slide case fittings on account of the 
strength and reliability of the castings, and on account 
of the metal not being dangerously affected by the 
sudden alterations in temperature as is cast iron. For 
pumps, on account of its being practically unaffected by 
the action of the water, and for propellers and all under- 
water fittings for the same reason. 

It is also used for all brasses on account of its being 
a suitable material for bearing surfaces, working well 
with wrought iron or steel. 

White metal is used for “lining” the brasses and for 
the bearing surfaces of the guide slippers, on account 
of its being the best material known to stand the 
friction, and also the ‘‘ knocking” or “hammering” re- 
sulting from the sudden changes in direction of motion 
due to the reciprocating action of the piston. 


Admission 


Advantage, mechanical 


Air-pump 
%5 barrel 


5 bucket . 


Alloy 


Angular advance . 


Annealing 


Anti-friction metal 


Antimony 
Area of valve 


Asbestos packing . 


Astern guide 


Atmospheric engine 
95 pressure 


Back pressure 
Barometer 


Barrel, air-pump . 


Beam, cast iron 
Bearing cap 

a enain 

», surface 
Bending of rod 


Binding of sand . 


Blade, propeller 
Blast furnace 
Blooms, iron 
Blow-holes 
Boiler 

x  Ghovallll 

vane 

” 
Boiling point 
Bolts, coupling 


” 


water-tube . 


crank-head . 
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GLAZEBROOK, M.A., F.R.S., and W. N. SHAW, M.A. With 134 Illustrations, Crown 
8vo., 7s. 6d, 


GUTHRIE.— MOLECULAR PHYSICS AND SOUND. By F. 
GUTHRIE, Ph.D. With gr Diagrams. Fep. 8vo., 1s. 6d. 


HELMHOLTZ.—POPULAR LECTURES ON SCIENTIFIC SUB- 
JECTS. By HERMANN VON HELMHOLTZ, ‘Translated by E. ATKINSON, Ph.D., 


F.C.S., formerly Professor of Experimental Science, Staff College. With 68 Illustra- 
tions. 2 vols., crown 8vo., 35. 6a. each. 


HENDERSON.—ELEMENTARY PHYSICS. By Jonn HENDERSON, 


DES geet A.I.E.E,, Physics Department, Borough Road Polytechnic. Crown 
vo,, 25. Oa, 
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PHYSICS, ETC.—Condinued. 


MACLEAN.—EXERCISES IN NATURAL PHILOSOPHY. By 


MAGNus MACLEAN, D.Sc., Professor of Electrical Engineering at the Glasgow and 
West of Scotland Technical College. Crown 8vo., 4s. 6d. 


MEVER—THE KINETIC THEORY OF GASES... Elementary 


Treatise, with Mathematical Appendices. By Dr. OSKAR EMIL MEYER. 8vo., 155. net. 


VAN ’THOFF—THE ARRANGEMENT OF ATOMS IN SPACE. 
By J. H. VAN ’THoFF. With a Preface by JOHANNES WISLICENUS, Professor of 
of Chemistry at the University of Leipzig; and an Appendix, ‘ Stereo-chemistry among 
Inorganic Substances,’ by ALFRED WERNER, Professor of Chemistry at the University 
of Ziirich. Crown 8vo., 6s. 6d. 


WATSON.—Works by W. WATSON, F.R.S., D.Sc., Assistant Professor 
of Physics at the Royal College of Science, London. 


ELEMENTARY PRACTICAL PHYSICS: a Laboratory Manual 


for Use in Organised Science Schools. With 120 Illustrations and 193 Exercises. 
Crown 8vo., 25. 6d. 


A TEXT-BOOK OF PHYSICS. With 568 Diagrams and Illustra- 


tions, and a Collection of Examples and Questions with Answers. Large crown 
8vo., 105. 6d. 


Vee AN SINT RODUCTION. TO THE STUDY" OF 
SPECTRUM ANALYSIS. By W. MARSHALL WarTTs, D.Sc. (Lond.), B.Sc. 
(Vict.), F.I.C., Senior Physical Science Master in the Giggleswick School. With 
135 Illustrations and Coloured Plate. 8vo., ros. 6c. net. 


WORTHINGTON.—A FIRST COURSE OF PHYSICAL LABORA- 
TORY PRACTICE. Containing 264 Experiments. By A. M. WorTHINGTON, 
C.B., F.R.S. With Illustrations, Crown 8vo., 45. 6d, 


WRIGHT.—ELEMENTARY PHYSICS. By Mark R. Wricut, M.A., 
Professor of Normal Education, Durham College of Science. With 242 Illustrations. 
Crown 8yo., 25. 6d, 
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MECHANICS, DYNAMICS, STATICS, HYDROSTATICS, ETC. 


BALL.—A CLASS-BOOK OF MECHANICS. By Sir R. S. Batt, 
LL.D. 89 Diagrams. Fep. 8vo., 15. 6d. 


DUNKERLEY.—MECHANISM. By S. DUNKERLEY, M.Sc., 
Assoc.M.Inst.C.E., M.Inst.C.E., Professor of Engineering in the University of Man- 
chester. With 416 Diagrams. 8vo., 9s. net, 


GOODE VE.—Works by T. M. GOODEVE, M.A., formerly Professor 
of Mechanics at the Normal School of Science, and the Royal School 


of Mines. 
THE ELEMENTS OF MECHANISM. With 357 Illustrations. 


Crown 8vo., 65. 


PRINCIPLES OF MECHANICS. With 253 Illustrations and 


numerous Examples. Crown 8vo., 6s. 


A MANUAL OF MECHANICS: an Elementary Text-Book for 
Students of Applied Mechanics. With 138 Illustrations and Diagrams, and 188 
Examples taken from the Science Department Examination Papers, with Answers. 


Fep. 8vo., 25. 6d. 


GOODMAN.—MECHANICS APPLIED TO ENGINEERING. By 
JOHN GOODMAN, Wh.Sch., M.1.C.E., M.I.M.E., Professor of Engineering in the Uni- 
versity of Leeds. With 714 Illustrations and numerous Examples. Crown 8vo., 9s. net. 


GRIEVE.—LESSONS IN ELEMENTARY MECHANICS. By 
W. H. GRIEVE, late Engineer, R.N., Science Demonstrator for the London County 
Council. 

Stage 1, With 165 Illustrations and a large number of Examples. Fcp. 8vo., 15. 6d. 
Stage 2. With 122 Illustrations. Fep, 8vo., 15, 6d. 
Stage 3, With 103 Illustrations. Fep. 8vo., 15. 6d. 


MAGNUS.—Works by SIR PHILIP MAGNUS, B.Sc., B.A. 


LESSONS IN ELEMENTARY MECHANICS. Introductory to the 
study of Physical Science. Designed for the Use of Schools, and of Candidates for 
a a ange i oat and other Examinations. With numerous Exercises 
xamples, Examination Questions, and Solutions, etce., fi * ith 
Answers, and 131 Woodcuts. Fep. 8vo., 35. 6d. rome ates eae 

Key for the use of Teachers only, price 5s. 34d. 


HYDROSTATICS AND PNEUMATICS.  Fep. 8vo., 1s. 6a.; or, 


with Answers, 2s. ‘The Worked Solutions of the Problems, 2s. 


PULLEN.—MECHANICS: Theoretical, Applied, and Experimental 
By W. W. F. PULLEN, Wh.Sch., M.I.M.E., A.M.I.C.E. With 318 Diagrams and 
numerous Examples. Crown 8vo., 4s. 6d. 


ROBINSON.—ELEMENTS OF DYNAMICS (Kinetics and Statics), 


With numerous Exercises. A Text-book fo i 
ee en re ree none r Junior Students. By the Rey, Re ire 
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MECHANICS, DYNAMICS, STATICS, HYDROSTATICS, ETC.- Continued. 


SMITH.—Works by J. HAMBLIN SMITH, M.A. 
ELEMENTARY STATICS. Crown 8vo., 35. 
ELEMENTARY HYDROSTATICS. Crown 8vo., 3s. 

KEY TO STATICS AND HYDROSTATICS. Crown 8vo., 6s. 


LTARLETON.—AN INTRODUCTION JO THE MATHEMATI- 
CAL THEORY OF ATTRACTION. By Francis A. TARLETON, LL.D., Sc.D., 
Fellow of Trinity College, and Professor of Natural Philosophy in the University of 
Dublin. Crown 8vo., tos. 6d. 


TAYLOR.—Works by J. E. TAYLOR, M.A., B.Sc. (Lond.). 
THEORETICAL MECHANICS, including Hydrostatics and Pneuma- 


tics. With 175 Diagrams and Illustrations, and 522 Examination Questions and 
Answers. Crown 8vo., 25. 6d. 


THEORETICAL MECHANICS—SOLIDS. With 163 Illustrations, 
120 Worked Examples and over 500 Examples from Examination Papers, etc. 
Crown 8vo., 25. 6d. 


THEORETICAL MECHANICS.—FLUIDS. With 122 Illustrations, 
numerous Worked Examples, and about 500 Examples from Examination Papers, 
etc. Crown 8vo., 25. 6d. : 


THORNTON.— THEORETICAL MECHANICS—SOLIDS. . In- 
cluding Kinematics, Statics and Kinetics. By ARTHUR THORNTON, M.A., F.R.A.S. 
With 200 Illustrations, 130 Worked Examples, and over goc Examples from Examina- 
tion Papers, etc. Crown 8vo., 4s. 6d. 


TWISDEN.—Works by the Rev. JOHN F. TWISDEN, M.A. 


PRACTICAL MECHANICS; an Elementary Introduction to their 
Study. With 855 Exercises, and 184 Figures and Diagrams. Crown 8vo., ros. 6d. 


THEORETICAL MECHANICS. With 172 Examples, numerous 


Exercises, and 154 Diagrams. Crown 8vo., 85. 6d. 


WILLIAMSON.—INTRODUCTION TO THE MATHEMATI- 
CAL THEORY OF THE STRESS AND STRAIN OF ELASTIC SOLIDS. By 
BENJAMIN WILLIAMSON, D.Sc., F.R.S. Crown 8vo., 55. 


WILLIAMSON and TARLETON.—AN ELEMENTARY 
TREATISE ON DYNAMICS, Containing Applications to Thermodynamics, with 
numerous Examples. By BENJAMIN WILLIAMSON, D.Sc., F.R.S., and FRANCIS A. 
TARLETON, LL.D. Crown 8vo., tos. 6d. 


WORTHING TON.—DYNAMICS OF ROTATION: an Elementary 
Introduction to Rigid Dynamics. By A. M. WorTHINGTON, C.B., F.R.S. Crown 
8vo., 45. 6d. 
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MENSURATION, SURVEYING, ETC. 


BRABANT.—THE ELEMENTS OF PLANE AND SOLID MENSU- 
RATION. With Copious Examples and Answers. By F. G. BRABANT, M.A. 
Crown 8yo., 35. 6d. 


CHIVERS.—ELEMENTARY MENSURATION. By G. T. CHIVERs, 
Head Master of H.M. Dockyard School, Pembroke. With Answers to the Examples. 
Crown 8vo , 55. 


GRIBBLE—PRELIMINARY SURVEY AND ESTIMATES. By 
THEODORE GRAHAM GRIBBLE, Civil Engineer. Including Elementary Astronomy, 
Route Surveying, Tacheometry, Curve Ranging, Graphic Mensuration, Estimates, 
Hydrography and Instruments. With 133 Illustrations, Quantity Diagrams, and 
a Manual of the Slide-Rule. Crown 8vo., 75. 6d. 


HILE Y.—EXPLANATORY MENSURATION. By the Rev. ALFRED 
Hitey, M.A. With a Chapter on Land Surveying by the Rev. JOHN HUNTER, M.A. 
Containing numerous Examples, and embodying many of the Questions set in the Local 
Examination Papers. With Answers. tr2mo., 25. 6d. 


HUNTER.—MENSURATION AND LAND SURVEYING. By 


the Rev. JOHN HUNTER, M.A. 18mo., 1s. KEY, Is. 


LODGE£E.—MENSURATION FOR SENIOR STUDENTS. By 
ALFRED LODGE, M.A., late Fereday Fellow of St. John’s College, Oxford; Professor 


of Pure Mathematics at the Royal Indian Engineering College, Cooper's Hill. With 
Answers. Crown 8vo., 45. 6d. 


LONGMANS’ SCHOOL MENSURATION. By ALFRED J. PEARCE, 


B.A. (Inter.), Hons. Matric. (London). With numerous Diagrams. Crown 8vo. With 
or without Answers, 25. 60. 


LONGMANS’ JUNIOR SCHOOL MENSURATION. To meet the 
Requirements of the Oxford and Cambridge Junior Local Examinations, the College 
of Preceptors, etc. By W.S. BEARD, F.R.G.S., Head Master of Fareham Modern 
School. With Answers to Exercises and Examination Papers. Crown 8vo., Is. 


LUPTON.—A PRACTICAL TREATISE ON MINE SURVEYING. 


By ARNOLD Lupton, Mining Engineer, Certificated Colliery Manager, Surveyor, 


Member of the Institution of Civil Engineers, etc. With 216 Illustrations. Medium 
8vo., 12s, net. 


NESBIT.—PRACTICAL MENSURATION. By A. Nessit. _ Illus- 


trated by 700 Practical Examples and zoo Woodcuts. 12mo., 3s. 6¢@ KEY, 55. 


SM/TH—CIRCULAR SLIDE RULE. By G. L. Smita. Fep. 


8vo., Is. net. 
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ALGEBRA, ETC. 
*,.* For other Books, see Longmans & Co.'s Catalogue of Educational and School Books. 


ANNALS OF MATHEMATICS. (Puszcisyep unpER THE AUSPICES 


oF HARVARD UNIVERSITY.) Issued Quarterly. 4to., 25. net. 


BURNSIDE awn PANTON—THE THEORY OF EQUATIONS. 
With an Introduction to the Theory of Binary Algebraic Forms. By WILLIAM SNOW 
'BurwSIDE, M.A., D.Sc., Fellow of Trinity College, Dublin; and ARTHUR WILLIAM 
PANTON, M.A., D.Sc., Fellow and Tutor of Trinity College, Dublin. Vol..I. 8vo., 
tos, 6d. Vol. II. 8vo., 9s. 6d. 


CONSTABLE ano MILLS—ELEMENTARY ALGEBRA UP TO 
AND INCLUDING QUADRATIC EQUATIONS. By W. G. ConsTABLE, B.Sc., 
B.A., and J. Mitis, B.A. Crown 8vo., 25. With Answers, 25. 6d. 


Also in Three Parts. Crown 8vo., cloth, limp, 9d¢. each. ANSWERS. ‘Three Parts. 
Crown 8vo., paper covers, 6d. each. 


CRACKNELL, — PRACTICAL MATHEMATICS. By A. G. 
CRACKNELL, M.A., B.Sc., Sixth Wrangler, etc. With Answers to the Examples. 
Crown 8vo., 35. 6d. 


LONGMANS’ JUNIOR SCHOOL ALGEBRA. By Wittiam S&S. 
BEARD, F.R.G.S., Head Master of the Modern School, Fareham. Crown 8vo., 15. 6d. 
With Answers, 2s. 


SMITH.—Works by J. HAMBLIN SMITH, M.A. 
ELEMENTARY ALGEBRA. New Edition, with a large number 


of Additional Exercises. With or without Answers. Crown 8vo., 35. 6d. Answers 
separately, 6d. MEY, Crown 8vo., gs. 
*,* The Original Edition of this Book ts still on Sale, price 2s. 6d. 


EXERCISES IN ALGEBRA. With Answers. Fcap. 8vo., 2s. 6d. 


Copies may be had without the Answers. 


WELSFORD ano MA YVO.—ELEMENTARY ALGEBRA. By J. W. 
WeELSFORD, M.A., formerly Fellow of Gonville and Caius College, Cambridge, and 
C. H. P. Mayo, M.A., formerly Scholar of St. Peter’s College, Cambridge; Assistant 
Masters at Harrow School. Crown 8vo., 35. 6d., or with Answers, 45. 6d. 


CONIC SECTIONS, ETC. 


GAS YAS TREATISE -ON THE ANALY PICAL GEOMETRY 
OF THE POINT, LINE, CIRCLE, AND CONIC SECTIONS. By JOHN CASEY, 
ID) etaiee >) ae CrOWn OVO... 125: 


SALMON—A TREATISE ON CONIC SECTIONS, containing an 


Account of some of the most Important Modern Algebraic and Geometric Methods. 
ByaG, SALMON, sDiDeo Fh. RS. eSv0., T25. 


SMITH.—GEOMETRICAL CONIC SECTIONS. By J. Hameiin 
SMITH, M.A. Crown 8vo., 35. 6d. 
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THE CALCULUS, LOGARITHMS, ETC. 


BARKER. GRAPHICAL CALCULUS. By ArtHuur H- BARKER, 
B.A., B.Sc. With an Introduction by JOHN GoopMAN, A.M.L.C.E. With 61 
Diagrams. Crown 8vo., 45. 6d. 


MELLOR. —HIGHER MATHEMATICS FOR STUDENTS OF 
CHEMISTRY AND PHYSICS. With special reference to Practical Work. By 
J. W. MELLor, D.Sc., Research Fellow, The Owens College, Manchester. With 


142 Diagrams. 8vo., 12s. 6d, net. % 


MURRA Y.—Works by DANIEL ALEXANDER MURRAY, Ph.D. 


AN INTRODUCTORY COURSE IN DIFFERENTIAL EQUA- 
TIONS. Crown 8vo., 45. 6d. 


A FIRST COURSE IN THE INFINITESIMAL CALCULUS. 


Crown 8vo., 75. 6d. 


ODEA. 


AN ELEMENTARY TREATISE ON LOGARITHMS, 
EXPONENTIAL AND LOGARITHMIC SERIES, UNDETERMINED CO- 
EFFICIENTS, AND THE THEORY OF DETERMINANTS. By JAMES J. 
O'DEA, M.A. Crown 8vo., 2s. 


TATE.—PRINCIPLES OF THE DIFFERENTIAL AND INTEGRAL 
CALCULUS. By THOMAS TATE. tI2mo., 45. 6d. 


TA YLOR.—Works by. F. GLANVILLE TAYLOR. 


AN INTRODUCTION TO THE DIFFERENTIAL AND IN- 
TEGRAL CALCULUS AND DIFFERENTIAL EQUATIONS. Crown 8vo., 9s. 


AN INTRODUCTION TO THE PRACTICAL USE OF LOGA- 
RITHMS, WITH EXAMPLES IN MENSURATION. With Answers to 
Exercises. Crown 8vo., 1s. 6d. 


WILLIAMSON.—Works by BENJAMIN WILLIAMSON, D.Sc. 
AN ELEMENTARY TREATISE ON THE DIFFERENTIAL 


CALCULUS; containing the Theory of Plane Curves, with numerous Examples, 
Crown 8vo., tos. 6d. 


AN ELEMENTARY TREATISE ON THE INTEGRAL CALCU- 
LUS; containing Applications to Plane Curves and Surfaces, and also a Chapter on 
the Calculus of Variations, with numerous Examples. Crown 8vo., ros. 6d. 
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GEOMETRY AND EUCLID. 


*,* For other Works, see Longmans & Co.’s Catalogue of Educational and School Books. 


- ALTLMAN.—GREEK GEOMETRY FROM THALES TO EUCLID. 


By G. J. ALLMAN. 8vo., 105. 6d. 


BARRELL.—ELEMENTARY GEOMETRY. By Frank R. BarRELL, 
M.A., B.Sc., Professor of Mathematics, University College, Bristol. 
Section I. Part I., being the subject-matter of Euclid, Book I. Crown 8vo., 15, 


Section I. Part II., containing the subject-matter of Euclid, Book III. 1-34, and Book IV. 
4-9. Crown 8vo., Is. 


Section I. complete. Crown 8vo., 25. 


Section II., containing the remainder of Euclid, Books III. and IV., together with the subject- 
matter of Books II. and VI. With explanation of Ratio and Proportion, Trigono- 
metric Ratios and Measurement of Circles. Crown 8vo., 15. 6d. 


Sections I. and II. in one volume. Crown 8vo., 35. 6d. 


Section III., containing the subject-matter of Euclid, Book XT., together with a full treat- 
ment of volume and surface of the cylinder, cone, sphere, etc. Crown 8vo., 15. 6d. 


Sections I., II, and III. complete in one volume. Crown 8vo., 45. 6d. 


CASE Y.—Works by JOHN CASEY, LL.D., F.R.S. 


THE ELEMENTS OF EUCLID, BOOKS I.-VI. and Propositions, 
I.-XXI. of Book XI., and an Appendix of the Cylinder, Sphere, Cone, etc, With 
Copious Annotations and numerous Exercises. Fcp. 8vo., 45. 6d. KEY to Exercises. 
Fep. 8vo., 6s. 


A SEQUEL TO THE ELEMENTS OF EUCLID. Part I. Books 
I.-VI. With numerous Examples. Fcp. 8vo., 35. 6d. 


A TREATISE ON THE ANALYTICAL GEOMETRY OF THE 
POINT, LINE, CIRCLE AND CONIC SECTIONS. Containing an Account of 
its most recent Extension. Crown 8vo., 12s. 


HAMILTON.—ELEMENTS OF QUATERNIONS. By the late 
Sir WILLIAM ROWAN HAMILTON, LL.D., M.R.IA. Edited by CHARLES JASPER 
Jory, M.A., Fellow of Trinity College, Dublin. 2 vols. 4to, 215. net each, 


LONGMANS LIST OF APPARATUS FOR’ USE IN GEO- 
METRY, ETC. Seep. 22. 


LOW,—TEXT-BOOK ON PRACTICAL, SOLID, AND DESCRIP- 
TIVE GEOMETRY. By Davip ALLAN Low, Professor of Engineering, East London 
Technical College. Crown 8vo. 


Part I. With 114 Figures, 2s. Part II. With 64 Figures, 3s. 
THE DIAGRAM MEASURER. An Instrument for measuring the 


Areas of Irregular Figures and specially useful for determining the Mean Effective 
Pressure from Indicator Diagrams from Steam, Gas and other Engines. Designed by 
D. A. Low. With Full Instructions for Use. 1s, net. 
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GEOMETRY AND EUCLID— Continued. 


MORRIS ayp HUSBAND.—PRACTICAL PLANE AND SOLID 
GEOMETRY. By I. HAmMMonD Morris and JOSEPH HusBAND. Fully Illustrated 
with Dravings. Crown 8vo., 25. 6d. 


MORKIS.—GEOMETRICAL DRAWING FOR ART STUDENTS. 
Embracing Plane Geometry and its Applications, the Use of Scales, and the Plans and 
Elevations of Solids as required in Section I. of Science Subjects. By I. HAMMOND 
Morris. Crown 8vo., 25. 


SMITH—ELEMENTS OF GEOMETRY. By J. HAMBLIN SMITH, 


M.A. Containing Books 1 to 6, and portions of Books 11 and 12, of Euclid, with 
Exercises and Notes. Cr. 8vo., 35.6¢. KEY, crown 8vo., 8s. 6d. 


Books 1 and 2, limp cloth, 1s. 6¢., may be had separately. 
SPOONER.—THE ELEMENTS OF GEOMETRICAL DRAWING: 


an Elementary Text-book on Practical Plane Geometry, including an Introduction to 
Solid Geometry. Written to include the requirements of the Syllabus of the Board of 
Education in Geometrical Drawing and for the use of Students preparing for the Military 
Entrance Examinations. By HENRY J. SPOONER, C.E., M.Inst.M.E.° Cr. 8vo.,.35. 6d. 


WATSON.—ELEMENTS OF PLANE AND SOLID GEOMETRY. 
By H. W. WATSON, M.A. Crown 8vo., 35. 6d. 


WILSON.—GEOMETRICAL DRAWING. For the use of Candidates 
for Army Examinations, and as an Introduction to Mechanical Drawing. By W. N. 
Witson, M.A. Parts I. and II. Crown 8vo., 4s. 6d. each. 


WINTER.— ELEMENTARY GEOMETRICAL DRAWING. By 
S. H. WinTER. Part I. Including Practical Plane Geometry, the Construction of Scales, 
the Use of the Sector, the Marquois Scales, and the Protractor. With 3 Plates and 
tooo Exercises and Examination Papers. Post 8vo., 5s. 


OPTICS, PHOTOGRAPHY, ETC. 
ABNEY.—A TREATISE ON PHOTOGRAPHY. By Sir WILLIAM DE 


WIVELESLIE ABNEY, K.C.B., F.R.S., Principal Assistant Secretary of the Secondary 
Department of the Board of Education. With 134 Illustrations. Crown 8vo., 5s. 


DRUDE.—THE THEORY OF OPTICS. By Paut Drups, Professor 
of Physics at the University of Giessen. Translated from the German by C. RIBORG 
MANN and RoBErT A. MILLIKAN, Assistant Professors of Physics at the University of 
Chicago, With 110 Diagrams. 8vo., 15.5. net. 


GLAZEBROOK.—PHYSICAL OPTICS. By R. T. GtazEproox, 


M.A., F.R.S., Principal of University College, Liverpool. With 183 Woodcuts of 
Apparatus, etc. Crown 8vo., 6s. 


VANDERPOEL.—COLOR PROBLEMS: a Practical Manual for the 


Lay Student of Color. By EmiLy NoYes VANDERPOEL. With 117 Plates in Color. 
Square 8vo., 215. net. 


WkRIGHT.—OPTICAL PROJECTION : a Treatise on the Use of the 


Lantern in Exhibition and Scientific Demonstration. By LEwis WRIGHT, Author of 
‘Light: a Course of Experimental Optics’. With 232 Illustrations. Crown 8vo., 6s. 
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TRIGONOMETRY. 


CASE Y.—A TREATISE ON ELEMENTARY TRIGONOMETRY. 
By JOHN CAsEY, LL.D., F.R.S., late Fellow of the Royal University of Ireland. With 
numerous Examples and Questions for Examination. t2mo., 35. 


GOODWIN.—PLANE AND SPHERICAL TRIGONOMETRY. By 
H. B. Goopwin, M.A. In Three Parts, comprising those portions of the subjects, 
theoretical and practical, which are required in the Final Examination for Rank of 
Lieutenant at Greenwich. 8vo., 85. 6d. 


JONES.— THE BEGINNINGS OF TRIGONOMETRY. By A. 
CLEMENT JONES, M.A., Ph.D., late Open Scholar and Senior Hulme Exhibitioner 
of Brasenose College, Oxford; Senior Mathematical Master of Bradford Grammar 
School. Crown 8vo., 2s. 


MA YVO.—ELEMENTARY TRIGONOMETRY. By C. H. P. Mayo, 


M.A., late Scholar of St. Peter’s College, Cambridge; Assistant Master at Harrow 
School. With Examples and Answers. Crown 8yo., 35. 6d. 


SMITH,— ELEMENTARYs TRIGONOMETRY. By J. Hams.in 
SMITH, M.A. Crown 8vo., 45. 6d. Key, 75. 6d. 


SOUND, LIGHT, HEAT, AND THERMODYNAMICS. 


DEXTER.—ELEMENTARY PRACTICAL SOUND, LIGHT AND 
HEAT. By JosePpH S. DEXTER, B.Sc. (Lond.), Physics Master, Technical Day 
School, The Polytechnic Institute, Regent Street. With 152 Illustrations. Crown 
8vo., 25. 6d. 


ELEMTAGE.—LIGHT. By W. T. A. Emrace, M.A., Director of Public 
Instruction, Mauritius. With 232 Illustrations. Crown 8vo., 65. 

HEEMAOLTZS,— ON THE SENSATIONS OF TONE AS A 
PHYSIOLOGICAL BASIS FOR THE THEORY OF MUSIC. By Hr&RMANN 
VON HELMHOLTZ. Royal 8vo., 285. 

MAXWELL.—THEORY OF HEAT. By J. Clerk Maxwe tt, M.A., 
F.R.SS., L. and E. With Corrections and Additions by Lord RAYLEIGH. With 38 
Illustrations, Crown 8vo., 45. 6d. 


PLANCK.—TREATISE ON THERMODYNAMICS. By Dr. Max 


PLANCK, Professor of Theoretical Physics in the University of Berlin. Translated, 
with the Author's sanction, by ALEXANDER OGG, M.A., B.Sc., Ph.D., late 1851 Ex- 
hibition Scholar, Aberdeen University; Assistant Master, Royal Naval Engineering 
College, Devonport. 8vo., 75. 6d. net. 


SMITH.—THE STUDY OF HEAT. By J. Hams.in Situ, M.A., 


of Gonville and Caius College, Cambridge. Crown 8vo., 35. 
ZYNDALE— Works by JOHN TYNDALL, D.C.L., F.R.S. See p. 41. 
WORMELL.—A CLASS-BOOK OF THERMODYNAMICS. — By 
RICHARD WORMELL, B.Sc., M.A. Fep. 8vo., 15. 6d. 
IWRIGHT.—Works by MARK R. WRIGHT, M.A. 
SOUND, LIGHT, AND HEAT. With 160 Diagrams and _Illus- 


trations. Crown 8vo., 2s. 6d. 


ADVANCED HEAT. With 136 Diagrams and numerous Examples 


and Examination Papers. Crown 8vo., 45. 6d. 
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ARCHITECTURE, BUILDING CONSTRUCTION, ETC. 
ADVANCED BUILDING CONSTRUCTION. By the Author of 


‘Rivingtons’ Notes on Building Construction’, With 385 Illustrations. Crown 8vo., 
4s. 6d. 


BENN.—STYLE IN FURNITURE. By R. Davis BENN. With 


‘to2 Plates by W. C. BALDOCK. 8vo., 21s. net. 


BOOKER. — ELEMENTARY PRACTICAL BUILDING CON- 


STRUCTION. StageI. By F. W. Booker. With 727 Illustrations. Crown 8vo., 
2s. 6d. 3 


BURRELL. — BUILDING CONSTRUCTION. By Epwarp J. 
BURRELL, Second Master of the People’s Palace Technical School, London. With 
303 Working Drawings. Crown 8vo., 2s. 6d, 


GWILT—AN ENCYCLOPAEDIA OF ARCHITECTURE. By 


JosEPH GwiILT, F.S.A. Revised (1888), with Alterations and Considerable Additions 
by WYATT PAPWORTH. With 1700 Engravings. 8vo., 215. net. 


HAMLIN.—A TEXT-BOOK OF THE HISTORY OF ARCHITEC- 
TURE. By A. D. F. HAMuIN, A.M. With 229 Illustrations. Crown 8vo., 75. 6d. 


PARKER anv UNWIN.—THE ART OF BUILDING A HOME: 


A Collection of Lectures and Illustrations. By BARRY PARKER and RAYMOND 
UnNwIN. With 68 Full-page Plates. 8vo., ros. 6d. net. 


RICHARDS.—BRICKLAYING AND BRICKCUTTING. By H.W. 
RICHARDS, Examiner in Brickwork and Masonry to the City and Guilds of London 


Institute, Head of Building Trades Department, Northern Polytechnic Institute, 
London, N. With over 200 Illustrations. 8vo., 35. 6d, 


ROWE —THE LIGHTING OF SCHOOLROOMS: a Manual for 


School Boards, Architects, Superintendents and Teachers, By STUART H. ROWE, 
Ph.D. With 32 Illustrations. Crown 8vo., 35. 6d, net. 


SEDDON.—BUILDER’S WORK AND THE BUILDING TRADES. 


By Col. H. C. SEDDON, R.E. With numerous Illustrations. Medium 8vo., 16s, 


THOMAS.—THE VENTILATION, HEATING AND MANAGE- 


MENT OF CHURCHES AND PUBLIC BUILDINGS. By J. W. THOMAS, 
F.1.C., F.C.S. With 25 Illustrations. Crown 8vo., 25. 6d, 


VALDER.—BOOK OF TABLES, giving the Cubic Contents of from 
One to Thirty Pieces Deals, Battens and Scantlings of the Sizes usually imported or 
used in the Building Trades, together with an Appendix showing a large number of 


sizes, the Contents of which may be found by referring to the aforesaid Tables. By 
THOMAS VALDER. Oblong 4to., 6s. net. 


RIVINGTONS’ COURSE OF BUILDING CONSTRUCTION. 
NOTES ON BUILDING CONSTRUCTION. Medium 8vo. 
Part I. With 695 Illustrations, ros. 6d. net. 
Part II. With 496 Illustrations, ros. 6d. net. 
Part III. Materials. With 188 Illustrations, 18s. net. 
Part IV. Calculations for Building Structures.. With 551 Illustra- 


tions, 135. net. 
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STEAM, OIL, AND GAS ENGINES, AND MOTORS. 
BALE.—A HAND-BOOK FOR STEAM USERS; being Rules for 


Engine Drivers and Boiler Attendants, with Notes on Steam Engine and Boiler 


Management and Steam Boiler Explosions. By M. Powis BALE, M.I.M.E., 
M.Inst.C.E. Fecp. 8vo., 25. 6d. 


CLERK.—THE GAS AND OIL ENGINE. By Duvucatp Cierk, 
Member of the Institution of Civil Engineers, Fellow of the Chemical Society, Member 


of the Royal Institution, Fellow of the Institute of Patent Agents. With 228 Illus- 
trations. 8vo., 155. 


DIPLOCK.—A NEW SYSTEM OF HEAVY GOODS TRANSPORT 


ON COMMON ROADS. By BRAMAH JOSEPH DIPLOCK. With 27 Illustrations and 
Diagrams. Medium 8vo., 6s. 6d. net. : 


FLETCHE R.—ENGLISH AND AMERICAN STEAM CARRIAGES 
AND TRACTION ENGINES. By WILLIAM FLETCHER, M.Inst.Mech.E. With 
250 Illustrations. 8vo., 15s. net. 


HOLMES.—THE STEAM ENGINE. By GeorcE C. V. HoLtmes, 
C.B., Chairman of the Board of Works, Dublin. With 212 Illustrations. Crown 8vo., 6:. 


LOW.—THE DIAGRAM MEASURER. An Instrument for measur- 


ing the Areas of Irregular Figures and specially useful for determining the Mean Effective 
Pressure from Indicator Diagrams from Steam, Gas and other Engines. Designed by 
D. A. Low, Professor of Engineering, East London Technical College, London. Wiib 
Full Instructions for Use. 1s. net. 


METCALFE. — ELEMENTARY STEAM ENGINEERING. By 


H. W. METCALFE, Engineer Commander, R.N. With 144 Illustrations. 8vo., 75. 6d. net. 


NEILSON.—THE STEAM TURBINE. By Roserr M. NEILSOoN, 


Associate Member of the Institute of Mechanical Engineers, etc. With 28 Plates 
and 2r2 Illustrations in the Text. 8vo., ros. 6d. net. 


NOKRAS— A PRACTICAL TREATISE ON THE “OTTO? CYCLE 
GAS ENGINE. By WILLIAM Norris, M.I.Mech.E. With 207 Illustrations, 8vo,. 
tos. 6d. 


PARSONS.—STEAM BOILERS: THEIR THEORY AND DESIGN. 
By H. DE B. Parsons, B.S., M.E., Consulting Engineer; Member of the American 
Society of Mechanical Engineers, American Society of Civil Engineers, etc. ; Professor 
of Steam Engineering, Rensselaer Polytechnic Institute. With 170 Illustrations. 8vo., 
Ios. 6d, net. 


RIPPER.—Works by WILLIAM RIPPER, Professor of Engineering in 
the University College of Sheffield. 


STEAM. With 18s Illustrations. Crown 8vo., 25. 6d. 
STEAM ENGINE THEORY AND PRACTICE. With 441 Illus. 


trations. 8vo., 95. 
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STEAM, OIL, AND GAS ENGINES, AND MOTORS-— Condinued. 


SENNETT ann ORAM.—THE MARINE STEAM ENGINE: A 
Treatise for Engineering Students, Young Engineers and Officers of the Royal Navy 
and Mercantile Marine. By the late RICHARD SENNETT, Engineer-in-Chief of the 
Navy, etc.; and Henry J. OrAM, Deputy Engineer-in-Chief at the Admiralty, 
Engineer Rear Admiral in H.M. Fleet, etc. With 414 Diagrams. 8vo., 215. 


STROME VER.—MARINE BOILER MANAGEMENT AND CON- 
STRUCTION. Being a Treatise on Boiler Troubles and Repairs, Corrosion, 
Fuels, and Heat, on the properties of Iron and Steel, on Boiler Mechanics, Work- 
shop Practices, and Boiler Design. By C. E. STROMEYER, Chief Engineer of the 
Manchester Steam Users’ Association, Member of Council of the Institution of Naval 
Architects, etc. With 452 Diagrams, etc. 8vo., 12s. net. 


- WHITE—PETROL MOTORS AND MOTOR CARS: A Hand- 
book for Engineers, Designers and Draughtsmen. By T, HYLER WHITE, A.M.I.M.E. 
With 44 Illustrations. Crown 8vo., 45. 6d. net. 


ELECTRICITY AND MAGNETISM. 


ARRHENIUS.—A TEXT-BOOK OF ELECTROCHEMISTRY. By 


SVANTE ARRHENUIS, Professor at the University of Stockholm. Translated from the 
German Edition by JOHN McCRAE, Ph.D, With 58 Illustrations. 8vo., 95. 6d. net. 


CAR US-WILSON.—ELECTRO-DYNAMICS : the Direct-Current 
Motor. By CHARLES ASHLEY CARUS-WILSON, M.A. Cantab. With 71 Diagrams, 
and a Series of Problems, with Answers. Crown 8vo., 75. 6d. 


CUMMING.—ELECTRICITY TREATED EXPERIMENTALLY. 
By LINNA@US CUMMING, M.A. With 242 IJlustrations. Cr. 8vo., 45. 6d. 


GORE.—THE ART OF ELECTRO-METALLURGY, including all 


known Processes of Electro-Deposition. By G. Gore, LL.D., F.R.S. With 56 Illus- 
trations, Crown 8vo., 6s. 


HE NDERSON.—Works by JOHN HENDERSON, D.Sc., F:R.S.E. 
PRACTICAL ELECTRICITY AND MAGNETISM. With 157 


Illustrations and Diagrams. Crown 8vo., 75, 6d. 
PRELIMINARY PRACTICAL MAGNETISM AND _ ELEC- 
TRICITY. Crown 8vo., rs. 


MIBBERT.—MAGNETISM AND ITS ELEMENTARY MEASURE- 
MENT. By W. Hissert, F.1.C., A.M.I.E.E. With 55 Diagrams. Crown 8vo., 25. 


JENKIN. — ELECTRICITY AND MAGNETISM. B 
JENKIN, F.R.S., M.I.C.E. With 177 Illustrations, Crown 8vo., 35. mA ee 
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ELECTRICITY AND MAGNETISM-— Conzinued. 


JOUBERT.—ELEMENTARY TREATISE ON ELECTRICITY AND 
MAGNETISM. By G. Carey Foster, F.R.S.; and ALFRED W. PORTER, B.Sc. 
Founded on JOUBERT’S ‘Traité Elémentaire d’Electricité’, With 374 Illustrations 
and Diagrams. 8vo., ros. 6d. net. 


JOYCE.—EXAMPLES IN ELECTRICAL ENGINEERING. By 


SAMUEL Joyce, A.I.E.E. Crown 8vo., 5S. 


LARDEN—EVLECTRICITY FOR PUBLIC SCHOOLS AND 
COLLEGES. By W. Larpen, M.A. With e215 Illustrations, and a Series of 
Examination Questions ; with Answers. Crown 8vo., 6s. 


MERRIFIELD. — MAGNETISM AND DEVIATION OF THE 
COMPASS. By JOHN MERRIFIELD, LL.D., F.R.A.S., 18mo., 25. 6d. 


PARR.—PRACTICAL ELECTRICAL TESTING IN PHYSICS AND 
ELECTRICAL ENGINEERING. By G. D. AsPINALL Parr, Assoc. M.I.E.E. 
With 231 Illustrations. 8vo., 85. 6d. 


PO YSER.—Works by A. W. POYSER, M.A. 
MAGNETISM AND ELECTRICITY. With 235 Illustrations. 


Crown 8vo., 25. 6d. 


ADVANCED ELECTRICITY AND MAGNETISM. With 317 


Illustrations. Crown 8vo., 45. 6d. 


RHODES.—AN ELEMENTARY TREATISE ON ALTERNATING 
CURRENTS. By W. G. RHODES, M.Sc. (Vict.), Consulting Engineer. With 
80 Diagrams. 8vo., 75. 6d. net. 


SLINGO and BROOKER.—Works by W. SLINGO and A. 
BROOKER. 


ELECTRICAL ENGINEERING FOR ELECTRIC LIGHT 
ARTISANS AND STUDENTS. With 383 Illustrations. Crown 8vo., 12s. 


PROBLEMS AND SOLUTIONS IN ELEMENTARY ELEC- 
TRICITY AND MAGNETISM. With 98 Illustrations. Cr. 8vo., 2s. 


PUN DALD—Works bay JOHN TYNDALL, D.C.L.,.F.R.S.. «See p. 41. 


TELEGRAPHY AND THE TELEPHONE. 
HOPKINS.—TELEPHONE LINES AND THEIR PROPERTIES. 


By Witt1aM J. Hopxins, Professor of Physics in the Drexel Institute, Philadelphia 
Crown 8vo., 65. : 


PREECE anp SIVEWRIGHT.—TELEGRAPHY. By coin Wy. 
H. Preece, K.C.B., F.R.S., V.P.Inst., C.E., etc., Consulting Engineer and 
Electrician, Post Office Telegraphs; and Sir J. SIVEWRIGHT, K.C.M.G. With 284 
Illustrations. Crown 8vo., 75. 6d. 
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ENGINEERING, STRENGTH OF MATERIALS, ETC. 


ANDERSON.—THE STRENGTH OF MATERIALS AND STRUC- 
TURES: the Strength of Materials as depending on their Quality and as ascertained 
by Testing Apparatus. By Sir J. ANDERSON, C.E., LL.D., F.R.S.E. With 66 Illus- 
trations. Crown 8vo., 35. 6d. 


BARRY.—RAILWAY APPLIANCES: a Description of Details of 
Railway Construction subsequent to the completion of the Earthworks and Structures. 
By Sir JOHN WOLFE Barry, K.C.B., F.R.S., M.I.C.E. With 218 Illustrations. 
Crown 8vo., 45. 6d. 


DIPLOCK.—A NEW SYSTEM OF HEAVY GOODS TRANSPORT 
ON COMMON ROADS. By BRAHAM JOSEPH D1PLOCK. With 27 Illustrations. 
8vo., 65. 6d. net. 


GOODMAN.—MECHANICS APPLIED TO ENGINEERING. By 
JoHN GOODMAN, Wh.Sch., M.I.C.E., M.I.M.E., Professor of Engineering in the 
University of Leeds. With 714 Illustrations and numerous Examples. Crown 8vo., 
gs. net. 


GREGOR YV—A SHORT INTRODUCTION TOS THE TABOR 
OF ELECTROLYTIC DISSOCIATION. By J. C. GREGORY, B.Sc. (Lond.) 
A.I.C. Crown 8vo., Is. 6d. 


LOW.—A POCKET-BOOK~-EOR MECHANICAL ENGINEERS: 
By Davip ALLAN Low (Whitworth Scholar), M.I.Mech.E., Professor of Engineering, 
East London Technical College (People’s Palace), London. With over 1000 specially 
prepared Illustrations. Fep. 8vo., gilt edges, rounded corners, 7s. 6d. 


PARKINSON. — LIGHT RAILWAY CONSTRUCTION. By 


RICHARD MARION PARKINSON, Assoc.M.Inst.C.E. With 85 Diagrams. 8vo., 
Ios. 6d, net. 


SMITH.—GRAPHICS, or the Art of Calculation by Drawing Lines, 


applied especially to Mechanical Engineering. By ROBERT H. SMITH, formerly 
Professor of Engineering, Mason College, Birmingham, Part I, With separate 
Atlas of 29 Plates containing 97 Diagrams. 8vo., 155. 


STONE Y.—THE THEORY OF STRESSES IN GIRDERS AND 
SIMILAR STRUCTURES ; with Practical Observations on the Strength and other 


Properties of Materials. By BINDON B. STonry, LL.D., F.R.S., M.I.C.E. With 
5 Plates and 143 Illust. in the Text. Royal 8vo., 36s. 


UNWIN.—THE TESTING OF MATERIALS OF CONSTRUCTION. 
A Text-book for the Engineering Laboratory and a Collection of the Results of 


Experiment. By W. CAWTHORNE UnwIN, F.R.S., B.Sc. With 5 Plates and 188 
Illustrations and Diagrams. 8vo., 16s, net. 


WARREN.—ENGINEERING CONSTRUCTION IN IRON, STEEL, 


AND TIMBER. By WILLIAM HENRY WARREN, Challis Professor of Civil and 


Mechanical Engineering, University of Sydney. With 13 Foldi 
Diagrams. Royal 8vo., 16s, net, ee 3 ee 


WHEELER.— THE SEA COAST: Destruction, Littoral Drift, 


Protection. By W. H. WHEELER, M.Inst. C.E. Witk ions ¢ i 
Modi bee ean eee ith 38 Illustrations and Diagram. 
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LONGMANS’ CIVIL ENGINEERING SERIES. 


CIVIL ENGINEERING AS APPLIED TO CONSTRUCTION. 
By LEVESON FRANCIS VERNON-HARCOURT, M.A., M.Inst.C.E. With 368 Illus- 
trations. Medium 8vo., net. r45. 

Contents.—Materials, Preliminary Works, Foundations and Roads—Railway Bridge and Tunnel 

Engineering — River and Canal Engineering—Irrigation Works— Dock Works and Maritime En- 

gineering—Sanitary Engineering. 


NOTES ON DOCKS AND DOCK CONSTRUCTION... By C. 
Cotson, C.B., M.Inst.C.E. With 365 Illustrations. Medium 8vo., 215, net 


CALCULATIONS IN HYDRAULIC ENGINEERING: a Practical 


Text-Book for the use of Students, Draughtsmen and Engineers. By T. CLAXTON 
FIDLER, M.Inst.C.E. 
Part I. Fluid Pressure and the Calculation of its Effects in Engineering 
Structures. With numerous Illustns. and Examples. 8vo., 65. 6d. net. 
Part II. Calculations in Hydro-Kinetics. With numerous Illustration 
and Examples. 8vo., 75. 6d. net. 


RmLeWaAY se CONSTRUGBION.: By W. ~H..) Mrprs,. (M-1.C.E:, 


Engineer-in-Chief of the Great Northern Railway of Ireland. With 516 Illustrations 
and Diagrams. 8vo., 18s. net. 


PRINCIPLES AND PRACTICE OF HARBOUR CONSTRUCTION. 


By WILLIAM SHIELD, F.R.S.E., M.Inst.C.E. With 97 Illustrations. Medium 8vo., 
15s. net. 


TIDAL RIVERS: their (1) Hydraulics, (2) Improvement, (3) Navigation. 
By W. H. WHEELER, M.Inst.C.E. With 75 Illustrations. Medium 8vo., 16s. net. 


NAVAL ARCHITECTURE. 


ATTWOOD.—Works by EDWARD L. ATTWOOD, M.Inst.N.A., 
Member of the Royal Corps of Naval Construction. 


WAR SHIPS: A_ Text-book on the Construction, Protection, 


Stability, Turning, etc., of War Vessels. With numerous Diagrams. Medium 
8vo., Ios. 6d. net. 


TEXT-BOOK OF THEORETICAL NAVAL ARCHITECTURE: 


a Manual for Students of Science Classes and Draughtsmen Engaged in Shipbuilders’ 
and Naval Architects’ Drawing Offices. With 114 Diagrams. Crown 8vo., 7s. 6d. 


TiO Nis = ERACTICAL SHIPBUILDING: a Treatise. on the 


Struc ural Design and Building of Modern Steel Vessels, the work of construction, 
from the making of the raw material to the equipped vessel, including subsequent 
up-keep and repairs. By A. CAMPBELL Ho_ms, Member of the Institution of Naval 
Architects, etc. In 2 vols. (Vol. I., Text, medium 8vo.; Vol. II., Diagrams and 
Ulustrations, oblong 4to.), 48s. net. 


LOVETT.—A COMPLETE CLASS-BOOK OF NAVAL ARCHI- 
TECTURE (Practical. Laying-off, Theoretical). By W. J. Lovett, Lecturer on 
Naval Architecture at the Belfast Municipal Technical Institute. With 173 Illustrations 
and almost 2co fully worked-out Answers to recent Board of Education Examination 


Questions. (With 26 pages of ruled paper at end for Notes and References). 8vo., 
7s. 6d. net. 


WATSON—NAVAL ARCHITECTURE: A Manual of Laying off 
Iron, Steel and Composite Vessels. By THomMAS H, WATSON, Lecturer on Naval 
Architecture at the Durham College of Science, Newcastle-upon-Tyne, With numerous 
Illustrations, Royal 8vo., 155. net. 


22 Scientific Works published by Longmans, Green, & Co. 


WORKSHOP APPLIANCES, ETC. 
NORTHCOTT—LATHES AND TURNING, Simple, Mechanical 


and Ornamental. By W. H. NorTHCOTT. With 338 Illustrations. 8vo., 18s. 


PARR.—MACHINE TOOLS AND WORKSHOP PRACTICE FOR 
ENGINEERING STUDENTS AND APPRENTICES. By ALFRED PARR, 
Instructor in Fitting and Machine Shop and Forge, University College, Nottingham. 


With an Introduction by WILLIAM RoBINSON, M.E., M.Inst.C.E. 


Illustrations. 8vo., ros. 6d. 


SHELLE Y—WORKSHOP APPLIANCES, 


With 462 


including Descriptions 


of some of the Gauging and Measuring Instruments, Hand-cutting Tools, Lathes, 


Drilling, Planeing, and other Machine Tools used by Engineers. 
Witb an additional Chapter on Milling by R. R. LISTER. 


-- M.I.C.E. 


trations. Crown 8vo., 55. 


By C. P. B. SHELLEY, 
With 323 Illus- 


MACHINE DRAWING AND DESIGN. 


DUNKERLE Y.—MECHANISM. 


By S. DUNKERLEY, M.Sc., 


Assoc. M.Inst.C. E., M.Inst.C.E., Professor of Applied Mechanics in the Royal Naval 


College, Greenwich. With 416 Diagrams. 
LONGMANS’ IMPROVED DRAWING APPLIANCES. 


by Davip ALLAN Low, M.I.Mech.E. 


Adjustable Protractor Set Square, 2s. 6d. 
net. 

Cardboard Scales, in stiff cloth case, per | 
set, 6d. net. | 

New Drawing Scales, sets of 1, 2, 3, nine} 
inches long, in paper case, Is. net; in| 
cloth case, rs. 3d. net. 

— ——- — twelve , 
inches long, in paper case, 1s, 6d. net; 
in clo h case, ts. gd. net: 

= — No. 1, twelve- | 

inch scale, sold separately, 6d. net. 

Protractor No, 2, three-inch radius divided | 
into degrees, 6d. net. 

——_—————— 3, four-inch radius divided 
into half degrees, gd. net. 

Vector Set S juare, No. 1, 1s. gd. net. 

Set Squares, Design A, No. 1, 60°, height 
6 in,, Is. net. 


— 45°, height | 
4 in., Is. net. 

= 2, 60°, height | 
8h in., rs. 3d. net. 


; 45°, height 
6un., ts. 3a. net. 


——3, 60°, height | 
r2 in., 2s. net. | 


—45°, height | 


8} in., 25. net. 


17 in., 45. 6d. net. 


4, 60°, height 


8vo., gs. net. 


Designed 


Set Squares, Design A, No. 4, 45°, height 
12 in., 4s. 6d. net. 

—— B, No. 1, 60°, height 

6 in., rs. net. 


5°, height 
4in., Is. net. 
— ———\—— 2, 60°, height 
84 in., 15. 3a. net. 
pee —————= 45°, height 


6 in., Is. 3d. net. 


: —3, 60°, height 
£2\1H., 2s. Et. 


84 in., 2s. net. 


——————45°, height 


17 in., 45. 6a. net. 
——— 
t2 in., 45. 6a. net. 
T Squares, Design A, No. 1, 20 in. long, 
35. 6d. net. 
———— ———2, 26 in. long, 


4, €0°, height 


5s. net. 
a 3, 33 in. long, 
6s. 6d. net. : g 
—-———-—B | NO. 5) 20) in wlones 
35. 6d. net. 
- — -2, 26 in. long, 
5s. net. 
pane RE = —3, in. long, 
6s. 6d. net. ae 


*," A Detailed and Illustrated Prospectus will be sent on application. 
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MACHINE DRAWING AND DESIGN—Continued. 
LONGMANS’ ENGLISH AND METRIC RULE, marked on one edge 


in inches, etc., and on other edge in centimetres, 1d. net. 


- LONGMANS’ BLACKBOARD ENGLISH AND METRIC-RULE. 


One Metre; marked in decimetres, centimetres, inches, half-inches and quarter-inches. 
25. 6d, 


LOW anv BEVIS.—A MANUAL OF MACHINE DRAWING AND 
DESIGN. Davip ALLAN Low and ALFRED WILLIAM BEVIS. With over 700 
Illustrations. 8vo., 75. 6d. 

LOW.—Works by DAVID ALLAN LOW. 

AN INTRODUCTION TO MACHINE DRAWING AND DESIGN. 
With 153 Illustrations and Diagrams. Crown 8vo., 2s. 6d. 


A POCKET-BOOK FOR MECHANICAL ENGINEERS.  Fcp. 
8vo., 75. 6d. 


THE DIAGRAM MEASURER. An Instrument for Measuring the 


Areas of Irregular Figures, and specially useful for determining the Mean Effective 
Pressure from Indicator Diagrams from Steam, Gas and other Engines. With full 
instructions. 1s. net. 


UNWIN.—THE ELEMENTS OF MACHINE DESIGN. By W. 
CAWTHORNE UNWIN, F.R.S. 


Part I. General Principles, Fastenings, and Transmissive Machinery. 
With 345 Diagrams, etc. Crown 8vo., 7s. 6d. 
Part II. Chiefly on Engine Details. With 259 Diagrams, etc. Crown 


8vo., 6s. 


MINERALOGY, MINING, METALLURGY, ETC. 
BAUERMAN.—Works by HILARY BAUERMAN, F.G.S. 
SYSTEMATIC MINERALOGY. With 373 Illustrations. Crown 


8vo., 65. 
DESCRIPTIVE MINERALOGY. With 236 Illustrations. Crown 


8vo., 65. 


BREARLEY anv IBBOTSON. —THE ANALYSIS OF STEEL- 
WORKS MATERIALS. By HARRY BREARLEY and FRED IBBOTSON, B.Sc. (Lond.), 
Demonstrator of Micrographic Analysis, University College, Sheffield. With 85 Ilus- 
trations. 8vo., 145, net. 


GORE.—THE ART OF ELECTRO-METALLURGY. By G. Gorg, 
LL.D., F.R.S. With 56 Illustrations. Crown 8vo., 65. 


HOSKOLD.—ENGINEER’S VALUING ASSISTANT: being a prac- 
tical Treatise on the Valuation of Collieries and Other Mines, ete. By H. D. HosKo.p, 
With an Introductory Note by the late PETER GRAY. 8vo., 75. 6d. net. 


HUNTINGTON anv M‘MILLAN.—METALS: their Properties and 
Treatment. By A. K. HunTINGTON, Professor of Metallurgy in King’s College, 
London, and W. G. M‘MILLAN, late Lecturer on Metallurgy in Mason’s College, 
Birmingham. With 122 Illustrations. Crown 8vo., 75. 6d. 
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MINERALOGY, MINING, METALLURGY, ETC.—Coniinued. 
LUPTON. — Works by ARNOLD LUPTON, M.LC.E., F.GS., etc. 
MINING. An Elementary Treatise on the Getting of Minerals. With 
a Geological Map of the British Isles, and 596 Diagrams and Illustrations, Crown 
8vo., gs. net. 7 
A PRACTICAL TREATISE ON MINE SURVEYING. With 


209 Illustrations. 8v6., 125. net. 


MACFARLANE.— LABORATORY NOTES ON PRACTICAL 
METALLURGY: being a Graduated Series of Exercises. Arranged by WALTER 
MACFARLANE, F.I.C. Crown 8vo., 25. 6d. 


MELLOR.—THE CRYSTALLISATION OF IRON AND STEEL: 


an Introduction to the Study of Metallography. By]. W.MELLOR, D.Sc. Crown 8vo., 
Boenet, 


“RHEAD.—METALLURGY. By E. L. RHEApD, Lecturer on Metal- 


lurgy at the Municipal Technical School, Manchester. With 94 Illustrations. Fep. 
8vo., 35. 6d, 


RHEAD anv SEXTON—ASSAYING AND METALLURGICAL 
ANALYSIS for the use of Students, Chemists and Assayers. By E, L. RHEAD, Lecturer 
on Metallurgy, Municipal School of Technology, Manchester; and A, HUMBOLDT 
SExTON, F.I.C., F.C.S., Professor of Metallurgy, Glasgow and West of Scotland 
Technical College. 8vo., ros. 6d. net. 


RUTLE Y.—THE STUDY OF ROCKS: an Elementary Text-book of 


Petrology. By F. RuTLEY, F.G.S. With 6 Plates and 88 other Illustrations. Crown 
8vo., 45. 67. 


ASTRONOMY, NAVIGATION, ETC. 
ABBOTT. — ELEMENTARY THEORY OF THE TIDES: the 


the Fundamental Theorems Demonstrated without Mathematics and the Influence on 
the Length of the Day Discussed. By T. K. ABpott, B.D., Fellow and Tutor, Trinity 
College, Dublin. Crown 8vo., 25. 
BALL.—Works by Sir ROBERT S. BALL, LL.D., F.R.S. 
ELEMENTS OF ASTRONOMY. With 130 Figures and Diagrams. 
Crown 8vo., 6s. 6d. 
A CLASS-BOOK OF ASTRONOMY. With 41 Diagrams. Fep. 
8vo., 15. 6d. 
GILL.—TEXT-BOOK ON NAVIGATION AND NAUTICAL AS- 
TRONOMY. By J. GILL, F.R.A.S. New Edition Augmented and Re-arranged by 
W. V. MERRIFIELD, B.A. With 195 Diagrams, and an Appendix containing extracts 


from Tide Tables and the Nautical Almanac for the so'ution of all Problems in this 
book Medium 8vo,, ros, 6d. net. 


HERSCHEL.— OUTLINES OF ASTRONOMY. By Sir Joun F. W. 
HERSCHEL, Rart., K.H., ete. With 9 Plates and numerous Diagrams. 8vo., 12s, 

LAUGHTON.—AN INTRODUCTION TO THE PRACTICAL 
AND THEORETICAL STUDY OF NAUTICAL SURVEYING. By JOHN KNOX 
LAUGHTON, M.A., F.R.A.S. With 35 Diagrams. Crown 8vo., 6s. 


MARTIN. — NAVIGATION AND NAUTICAL ASTRONOMY. 
Compiled by Staff Commander W. R. MarTIN, R.N, Royal 8vo., 18s. 
MERRIFIELD.—A TREATISE ON NAVIGATION. For the Use 


of Students. By J. MEeRRIFIELD, LL.D., F.R.A.S., F.M.S. With Charts and 
Diagrams, Crown 8vo., 55. 
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ASTRONOMY, NAVIGATION, ETC.— Continued. 
PARKER.—ELEMENTS OF ASTRONOMY. With Numerous Ex- 


amples and Examination Papers. By GEORGE W. PARKER, M.A., of T rinity College, 
Dublin. With 84 Diagrams. 8vo., 55. 6d. net. 


WEBB.—CELESTIAL OBJECTS FOR COMMON TELESCOPES. 
By the Rev. T. W. Wess, M.A., F.R.A.S. Fifth Edition, Revised and greatly 
Enlarged by the Rey. T. E. Espin, M. ie Weave (Ec) Jolumes. ) Vol. I., with 
Portrait and a Reminiscence of the Author, 2 Plates, and numerous Illustrations. 
Crown 8vo., 6s. Vol. II., with numerous Illustrations. Crown 8vo., 6s. 6d. 


NATURAL HISTORY AND GENERAL SCIENCE. 
FURNEA UX.—Works by WILLIAM FURNEAUX, F.R.GSS. 
THE OUTDOOR WORLD; or, The Young Collector’s Handbook, 


With 18 Plates, 16 of which are coloured, and 549 Illustrations in the Text. Crown 
8vo., 65. net, 


LIFE IN PONDS AND STREAMS. With 8 Coloured Plates 


and 331 Illustrations in the Text. Crown 8vo., 6s. net. 


BUTTERFLIES AND MOTHS (British). With 12 Coloured Plates 


and 241 Illustrations in the Text. Crown 8vo., 6s. net. 


THE SEA SHORE. With 8 Coloured Plates and 300 Illustrations in 


the Text. Crown 8vo., 6s. net. 
HUDSON.—Works by W. H. HUDSON, C.M.Z.S. 
BRITISH BIRDS. With 8 Coloured Plates from Original Drawings 


by A. THORBURN, and 8 Plates and 1oo Figures by C. E. LODGE, and 3 Illustrations 
from Photographs. Crown 8vo., 6s. net. 


BIRDS AND MAN. Large Crown 8vo., 6s. net. 


MILLATS.—Works by JOHN GUILLE MILLAIS, F.Z.S. 


THE NATURAL HISTORY OF THE BRITISH. SURFACE- 
FEEDING DUCKS. With 6 Photogravures and 66 Plates (41 1n colours) from 
Drawings by the AUTHOR, ARCHIBALD THORBURN, and from Photographs. Royal 
4to., £6 6s. net. 


THE MAMMALS OF GREAT BRITAIN AND IRELAND. 3 
vols. Quarto (13 in. by 12 in.), cloth, gilt edges. 

Volume I. With 18 Photogravures by the AUTHOR ; 31 Coloured Plates by the AUTHOR, 
ARCHIBALD THORBURN and G, E. LODGE ; and 63 Uncoloured Plates by the AUTHOR 
and from Photographs. £6 65. net. 

** Only 1,025 copies printed for England and America. 


NANSEN.—THE NORWEGIAN NORTH POLAR EXPEDITION, 
1893-1896: Scientific Results, Edited by FRIDTJOF NANSEN. 
Volume I. With 44 Plates and numerous Illustrations in the Text. Demy 4to., 4os. net. 
Volume II. With 2 Charts and 17 Plates. Demy 4to., 3os. net. 
Volume III. With 33 Plates. Demy 4to., 325. net. 
Volume IV. With 33 Plates. Demy 4io., 215, net. 
Volume V. (/z Preparation. ) 
Volume VI. Meteorology By H. MouN. With 20 Plates. 4to , 36s, net. 


_ STANLE Y.—A FAMILIAR HISTORY OF BIRDS. By E. Stanvey, 
STANLEY: D.D., formerly Bishop of Norwich. With 160 Illustrations. Cr. 8vo., 3s. 6d. 
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WORKS BY RICHARD A. PROCTOR. 


THE MOON: Her Motions, Aspect, Scenery, and Physical Condition. 
With many Plates and Charts, Wood Engravings, and 2 Lunar Photographs. Crown 
8vo., 35. 6d. 

OTHER WORLDS THAN OURS: the Plurality of Worlds Studied. 
Under the Light of Recent Scientific Researches. With rq Illustrations; Map, Charts, 
etc. Crown 8vo., 35. 6d, 


OUR PLACE AMONG INFINITIES: a Series of Essays contrasting 


our Little Abode in Space and Time with the Infinities around us. Crown 8vo., 35. 6d. 


MYTHS AND MARVELS OF ASTRONOMY. Crown 8vo., 35. 6d. 
LIGHT SCIENCE FOR LEISURE HOURS: Familiar Essays on 


— Scientific Subjects, Natural Phenomena, etc. Crown 8vo., 35. 6d. 


THE ORBS AROUND US; Essays on the Moon and Planets, 


Meteors and Comets, the Sun and Coloured Pairs of Suns. Crown 8vo., 35. 6d. 


THE EXPANSE OF HEAVEN: Essays on the Wonders of the 


Firmament. Crown 8yo., 3s. 6d. 


OTHER SUNS THAN OURS: a Series of Essays on Suns—Old, 
Young, and Dead. With other Science Gleanings. Two Essays on Whist, and Corre- 
spondence with Sir John Herschel. With 9 Star-Maps and Diagrams. Crown 8vo., 
35. 6d. 

HALF-HOURS WITH THE TELESCOPE: a Popular Guide to the 
Use of the Telescope as a means of Amusement and Instruction. With 7 Plates. Fep. 
8vo., 25. 6d. 

NEW STAR ATLAS FOR THE LIBRARY, the School, and the 


Observatory, in Twelve Circular Maps (with Two Index-Plates). With an Introduction 
on the Study of the Stars. Illustrated by 9 Diagrams. Crown 8vo., 55. 
THE SOUTHERN SKIES: a Plain and Easy Guide to the Con- 


stellations of the Southern Hemisphere. Showing in 12 Maps the position of the 
principal Star-Groups night after night throughout the year. With an Introduction 
and a separate Explanation of each Map. True for every Year. 4to., 55. 


HALF-HOURS WITH THE STARS: a Plain and Easy Guide to the 


Knowledge of the Constellations. Showing in 12 Maps the position of the principal 
Star-Groups night after night throughout the year. With Introduction and a separate 
Explanation of each Map. True for every Year. 4to., 35. net. 


LARGER STAR ATLAS FOR OBSERVERS AND STUDENTS. 


In ‘fwelve Circular Maps, showirg 6coo Stars, 1500 Double Stars, Nebulz, ete With 
2 Index-Plates. Folio, rss, 


THE STARS IN THEIR SEASONS: an Easy Guide to a Knowledge 


of the Star-Groups. In 12 Large Maps. Imperial 8vo., 55. 


ROUGH WAYS MADE SMOOTH. Familiar Essays on Scientific 
Subjects. Crown 8vo., 3s. 6d. 


PLEASANT WAYS IN SCIENCE. Crown 8vo., 35. 6d. 
NATURE STUDIES. By R. A. Procror, Grant ALLEN, A. WILSON, 


T. FostrER, and E, CLopp. Crown 8vo., 35, 6d. 


LEISURE READINGS. By R. A. Proctor, E. Copp, A. WILSon, 


T. Foster, and A, C. RANYARD. Crown 8vo., 35. 6d. 
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PHYSIOGRAPHY AND GEOLOGY. 
5IRD.—Works by CHARLES BIRD, B.A. 
ELEMENTARY GEOLOGY. With Geological Map of the British 


Isles, and 247 Illustrations. Crown 8vo., 2s. 6d. 


ADVANCED GEOLOGY. A Manual for Students in Advanced 


Classes and for General Readers. With over 300 Illustrations, a Geological Map of 
iors Isles (coloured), and a set of Questions for Examination. Crown 8vo., 
7s. ; 


GREE N.—PHYSICAL GEOLOGY FOR STUDENTS AND GENE- 
RAL READERS. By A. H. GREEN, M.A., F.G.S. With 236 Illustrations. 8vo., 
2Is. 


HOWORTH.—ICE OR WATER. Another Appeal to Induction from 
the Scholastic Methods of Modern Geology. By Sir HENry H. Howorrn, RK.C.1.E., 
D.C.L., F.R.S., V.P.S.A, F GS., President of the Royal Archzological Institute, 
Author of ‘The Mammoth and the Flood,’ ‘ The History of the Mongols,’ etc. (3 vols.) 
Vols. I. and II,- Medium 8vo,, 32s. net. 


MORGAN.—Works by ALEX. MORGAN, M.A., D.Sc., F.R.S.E. 


ELEMENTARY PHYSIOGRAPHY. Treated Experimentally. With 
4 Maps and 243 Diagrams. Crown 8vo., 2s. 6d. 


ADVANCED PHYSIOGRAPHY. With 215 Illustrations. Crown 
8vo., 45. 6d. 


READE.—THE EVOLUTION OF EARTH STRUCTURE: With 


a Theory of Geomorphic Changes. By T. MELLARD READE, F.G.S., F.R.LB.A., 
A.M.I.C.E., etc. With 41 Plates. 8vo., 215. net. 


ROGERS.—AN INTRODUCTION TO THE GEOLOGY OF CAPE 
COLONY. By A. W. Rocrers, M.A., F.G.S., Director of the Geological Survey 
of Cape Colony. With a Chapter on the Fossil Reptiles of the Karroo Formation by 
R. Broom, M.1!)., B.Sc., C.M.Z.S. Crown 8vo., gs. net. 


THORNTON.—Works by J. THORNTON, M.A. 


ELEMENTARY PRACTICAL PHYSIOGRAPHY. 

Part I. With 215 Illustrations. Crown 8vo., 25. 6d. 

Part II. With 98 Illustrations. Crown 8vo., 2s. 6d. 
ELEMENTARY PHYSIOGRAPHY: an Introduction to the Study 


of Nature. With 13 Maps and 295 Illustrations. With Appendix on Astronomical 
Instruments and Measurements. Crown 8vo., 25. 


ADVANCED PHYSIOGRAPHY. With 11 Maps and 255 illustrations. 
Crown 8vo., 45. 6d. 
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MANUFACTURES, TECHNOLOGY, ETC. 
ASHLE YV.—BRITISH INDUSTRIES: A Series of General Reviews 


for Business Men and Students. Edited by W. J. ASHLEY, M.A., Professor of Com- 
merce in the University of Birmingham. Crown 8vo., 55. 6d. net. 


BELL.—JACQUARD WEAVING AND DESIGNING. By F. pie 


BELL. With 199 Diagrams. 8vo., 12s. net. 


BROWN.—LABORATORY STUDIES FOR BREWING STUDENTS: 
- a Systematic Course of Practical Work in the Scientific Principles underlying the Processes 
of Malting and Brewing. By ADRIAN J. Brown, M.Sc., Director of the School of 
Brewing, and Professor of the Biology and Chemistry of Fermentation in the University 

of Birmingham, etc. With 36 Illustrations. 8vo., 75. 6d. net. 


CROSS ann BEVAN.—Works by C. F. CROSS and E J. BEVAN. 


CELLULOSE: an Outline of the Chemistry of the Structural Elements 
of Plants. With reference to their Natural History and Industrial Uses. (C. F. 
Cross, E. J. BEVAN and C. BEADLE.) With 14 Plates. Crown 8vo., 12s, net. 


RESEARCHES ON CELLULOSE, 1895-1900. Crown 8vo., 6s. net, 


JACKSON.—A TEXT-BOOK ON CERAMIC CALCULATIONS 


with Examples. By W. JAcKson, A.R.C.S., Lecturer in Pottery and Porcelain Manu- 
facture for the Staffordshire Education Cagnmittee and the Hanley Education Committee. 
Crown 8vo., 35. 6a. net. 


MORRIS and WILKINSON.—THE ELEMENTS OF COTTON 
SPINNING. By JOHN Morris and F, WILKINSON. With a Preface by Sir B. A. 
Dosson, C.E., M.I.M.E. With 169 Diagrams and Illustrations. Cr. 8vo., 75. 6d. net. 


RkICHARDS.—BRICKLAYING AND BRICK-CUTTING. By H.W. 


RICHARDS, Examiner in Brickwork and Masonry to the City and Guilds of London 
Institute, Head of Building Trades Department, Northern Polytechnic Institute, 
London, N. With over 200 Illustrations. Med. 8vo., 35. 6d. 


TA YLOR.—COTTON WEAVING AND DESIGNING. By Joun T; 


TAYLOR, late Lecturer on Cotton Weaving and Designing in the Preston and other 
Technical Schools. _ Revised under the direction of F. WILKINSON, Director of the 
Textile and Engineering School, Bolton. With 4o2 Diagrams. Crown 8vo., 75. 6d. net. 


WATTS.—AN INTRODUCTORY MANUAL FOR SUGAR GROW- 
ERS, By FRANcis Watts, F.C.S., F.1.C. With 20 Illustrations. Crown 8vo., 65. 
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MEDICINE AND SURGERY. 
(And see PHYSIOLOGY, etc., page 36.) 


‘ASHBY and WRIGHT. — THE DISEASES OF CHILDREN, 


MEDICAL AND SURGICAL. By HENRY AsHBy, M.D., Lond., F.R.C.P., 
Physician to the General Hospital for Sick Children, Manchester; and G. A, WRIGHT, 
B.A., M.B. Oxon., F.R.C.S., Eng., Assistant-Surgeon to the Manchester Royal In- 
firmary, and Surgeon to the Children’s Hospital. Enlarged and Improved Edition. 
With 192 Illustrations. 8vo., 255, 


BAIN.—A TEXT-BOOK OF MEDICAL PRACTICE. By Various 


Contributors. Edited by WrLL1aAM Bain, M.D., M.R.C.P. With 75 Illustrations. 
Royal 8vo,, 255. net. 


BENNETT. — Works by Sir WILLIAM BENNETT, K.C.V.O., 
F.R.C.S., Surgeon to St. George’s Hospital; Member of the Board 
of Examiners, Royal College of Surgeons of England. 


RECURRENT EFFUSION INTO THE KNEE-JOINT AFTER 
INJURY, WITH ESPECIAL REFERENCE TO INTERNAL DERANGE- 
MENT, COMMONLY CALLED SLIPPED CARTILAGE: an Analysis of 750 
Cases. «A Clinical Lecture delivered at St. George's Hospital. With 13 Illustrations. 
8vo., 35. 6d. 


CLINICAL LECTURES ON VARICOSE VEINS OF THE 
LOWER EXTREMITIES. With 3 Plates. 8vo., 6s. 


ON VARICOCELE; A PRACTICAL TREATISE. With 4 Tables 


and a Diagram. 8vo., 55. 


CLINICAL LECTURES ON ABDOMINAL HERNIA: chiefly 
in relation to Treatment, including the Radical Cure. With 12 Diagrams in the 
Text. 8vo., 85. 6d. 


ON VARIX, ITS CAUSES AND TREATMENT, WITH ESPECIAL 
REFERENCE TO THROMBOSIS. 8vo., 35. 6d. 


fie PRESENT POSITION OF THE TREATMENT OF 
SIMPLE FRACTURES OF THE LIMBS. 8vo., 25. 6d. 


LECTURES ON THE USE OF MASSAGE AND EARLY PASSIVE 
MOVEMENTS IN RECENT FRACTURES AND OTHER COMMON 
SURGICAL INJURIES: The Treatment of Internal Derangements of the Knee 
Joint and Management of Stiff Joints. With r7 Illustrations. 8vo., 6s. 


CAB0T—A CUIDE TO THE CLINICAL EXAMINATION OF 
THE BLOOD FOR DIAGNOSTIC PURPOSES. By RICHARD C, CAsoT, M.D., 
Physician to Out-patients, Massachusetts General Hospital. With 3 Coloured Plates 
and 28 Illustrations in the Text. 8vo., 16s. 


30 Scientific Works published by Longmans, Green, & Co. 


MEDICINE AND SURGERY— Continued. 


CARR, PICK, DORAN, anp DUNCAN.—THE PRACTITIONER’S 
GUIDE. By J. WALTER CARR, M.D. (Lond.), F.R.C.P.; T. PICKERING PICK, 
F.R.C.S. ; ALBAN H. G. DorRAN, F.R.C.S. ; ANDREW DUNCAN, M.D., B.Sc. (Lond.), 
FLR GS... MRC. PR.» SSvo-rn2ts. Det. 


CHEYNE anv BURGHARD.—A MANUAL OF SURGIGAL 
TREATMENT. By W. WATSON CHEYNE, C.B.. M.B., F.R.C.S., F.R.S., Hon, 
LL.D. (Edin.), Professor of Clinical Surgery in King’s College, London, Surgeon 
to King’s College Hospital, etc.; and F. F. BURGHARD, M.D. and M.S. (Lond.), 
F.R.C.S., Teacher of Practical Surgery in King’s College, London, Surgeon to King’s 
College Hospital (Lond.), etc. 


Part I. The Treatment of General Surgical Diseases, including In- 
Inflammation, Suppuration, Ulceration, Gangrene, Wounds and their Complications, 
Infective Diseases and Tumcurs; the Administration of Anesthetics. With 66 Illus- 
trations. Royal 8vo., tos. 6d. 


Part II. The Treatment of the Surgical Affections of the Tissues, 
including the Skin and Subcutaneous Tissues, the Nails, the Lymphatic Vessels 
and Glands, the Fascize, Bursze, Muscles, Tendons and Tendon-sheaths, Nerves, 
Arteries and Veins. Deformities. With 141 Illustrations. Royal 8vo., 145. 


Part III. The Treatment of the Surgical Affections of the Bones. 


Amputations. With roo Illustrations. Royal 8vo., res. 


Part IV. The Treatment of the Surgical Affections of the Joints (in- 
cluding Excisions) and the Spine. With 138 Illustrations. Royal 8vo., 145. 


Part V. The Treatment of the Surgical Affections of the Head, Face, 
Jaws, Lips, Larnyx and Trachea; and the Intrinsic Diseases of the Nose, Ear and 
Larynx, by H. LAMBERT LAcK, M.D. (Lond.), F.R.C.S., Surgeon to the Hospital 
for Diseases of the Throat, Golden Square, and to the Throat and Ear Department 
ae Children’s Hospital, Paddington Green. With 145 Illustrations. Royal 8vo., 
18s, 


Part VI. Section I. The Treatment of the Surgical Affections of the 
Tongue and Floor of the Mouth, the Pharynx, Neck, Cesoph 
Intestines. With 124 Illustrations. Royal 8vo., 18s. y eS 


Section II. The Treatment of the Surgical Affections of the 


Rectum, Liver, Spleen, Pancreas, Throat, Breast and Genito-urin i 
113 Illustrations. Royal 8vo., 2rs. a ee 


COATS.—A MANUAL OF PATHOLOGY. By JoszpH Coats 
M.D., late Professor of Pathology in the University of Glasgow. Fifth Edition. 
Revised throughout and Edited by Lewis R. SUTHERLAND, M.D., Professor of 


Pathology, University of St. Andrews. Witt rati 
ee h 729 Illustrations and 2 Coloured 


DAKIN.—A HANDBOOK OF MIDWIFERY. By Wittiam Raprorp 


DakIN, M.D., F.R.C.P., Obstetric Physician and Lecturer on Midwi 7 
Hospital, etc. With 394 Illustrations. | Large crown 8vo., 18s, Seer ae ee 
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MEDICINE AND SURGERY-— Continued. 


= COOKE.—Works by THOMAS COOKE, F.R.C:S. Eng., B.A., B.Sc, 
MiSs Paris: 


TABLETS OF ANATOMY. Being a Synopsis of Demonstrations 


given in the Westminster Hospital Medical School. Eleventh Edition in Three 


a ; ae ae eee a Serna e over 700 Illustrations from all the 
zo Part 1. The Bones. 7s. 6d. net. 

5 Part II. Limbs, Abdomen, Pelvis. tos. 6d. net. 

‘ Part IIJ. Head and Neck, Thorax, Brain. tos. 6d. net. 


APHORISMS IN APPLIED ANATOMY AND OPERATIVE 


SURGERY. Including too Typical vivd voce Questions on Surface Marking, ete. 
Crown 8vo., 35. 6d. 


- DICKINSON.—Works by W. HOWSHIP DICKINSON, M.D. Cantab., 
His (at 


ON RENAL AND URINARY AFFECTIONS. With 12 Plates 
and 122 Woodcuts. Three Parts. 8vo., £3 45. 6d. 


THE TONGUE AS AN INDICATION OF DISEASE: being 


the Lumleian Lectures delivered March, 1888. 8vo., 75. 6d. 


OCCASIONAL PAPERS ON MEDICAL SUBJECTS, 1855-1896. 


8vo., 125. 
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DOCKRELL.— AN ATLAS OF DERMATOLOGY: showing the 
appearances, clinical and microscopical, normal and abnormal, of conditions of the 
skin. 60 Coloured Plates and descriptive letterpress. By MORGAN DOCKRELL, M.A., 
M.D. (Dub. Uniy.), Senior Physician and Chesterfield Lecturer on Dermatology to St. 
John’s Hospital for Diseases of the Skin. Fep. folio, 50s. net. 


* * The Plate showing the clinical appearance of each disease appears on the same page 
with that displaying the microscopical, The descriptive letterpress in each case ts as brief as 
possible, 


ERICHSEN.—THE SCIENCE AND ART OF SURGERY ; a Treatise 
on Surgical Injuries, Diseases, and Operations. By Sir JOHN Eric ERICHSEN, Bart., 
F.R.S., LL.D. Edin., Hon. M.Ch, and F.R.C.S. Ireland. Illustrated by nearly 1000 
Engravings on Wood. 2vols. Royal 8vo., 485. 
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FOWLER awn GODLEE.—THE DISEASES OF THE LUNGS. 
By James KINGSTON FowLeER, M.A., M.D., F.R.C.P., Physician to the Middlesex 
Hospital and to the Hospital for Consumption and Diseases of the Chest, Brompton, 
etc.; and RICKMAN JOHN GODLEE, Honorary Surgeon in Ordinary to His Majesty, 
M.S., F.R.C.S., Fellow and Professor of Clinical Surgery, University College, London, 
etc. With 160 Illustrations, 8vo., 255. 
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MEDICINE AND SURGERY— Continued. 


GARROD.—Works by Sir ALFRED BARING GARROD, M.D., 
Rios, tc; 


A TREATISE ON GOUT AND RHEUMATIC GOUT (RHEU- 
MATOID ARTHRITIS). With 6 Plates, comprising 21 Figures (14 Coloured), and 
27 Illustrations engraved on Wood. 8vo., 2I5. : 


THE ESSENTIALS OF MATERIA MEDICA AND THERA- 
PEUTICS. Crown 8vo., 125. 6d. 


GOADBY.—THE MYCOLOGY OF THE MOUTH: a Text-Book 
of Oral Bacteria. By KeNNETH W. Goappy, L.D.S. (Eng.), D.P.H. (Camb.), 
L.R.C.P., M.R.C.S., Bacteriologist and Lecturer on Bacteriology, National Dental 
Hospital, etc. With 82 Illustrations. 8vo., 85. 6d. net. 


GOODSALL ano MILES.—DISEASES OF THE ANUS AND 
RECTUM. By D. H. GoopsALt, F.R.C.S., Senior Surgeon, Metropolitan Hospital ; 
late Senior Surgeon, St. Mark’s Hospital fer Fistula ; and W. ERNEST MILES, F.R.C.S., 
Surgeon to the Cancer Hospital, Prompton, Surgeon to the Gordon Hospital for 
Diseases of the Rectum, Hou:e Surgeon to St. Mark’s Hospital for Fistula, ete. 
Part I. With 91 Illustrations. 8vo., 7s. 6d. net. Part [I]. With 44 Illustrations. 
8vo., 65, net. 


GRA Y.—ANATOMY, DESCRIPTIVE AND SURGICAL. By 
HENRY GRAY, F.R.S., late Lecturer on Anatomy at St. George’s Hospital Medical 
School. The Fifteenth Edition Enlarged, edited by T. PICKERING PICK, F.R.C.S., 
Consulting Surgeon to St. George’s Hospital, etc., and by ROBERT HOWDEN, M.A., 
M.B., C.M., Professor of Anatomy in the University of Durham, etc. With 772 
Illustrations, a large proportion of which are Coloured, the Arteries being coloured 
red, the Veins blue, and the Nerves yellow. The attachments of the muscles to the 
bones, in the section on Osteology, are also shown in coloured outline. Royal 8vo., 
325. net. 


HA LIIBURTON.—Works by W. D. HALLIBURTON, M.D., F.R.S., 
Professor of Physiology in King’s College, London. 


A TEXT-BOOK OF CHEMICAL PHYSIOLOGY AND PATHO- 
LOGY. With roq Illustrations. 8vo., 28s. 


ESSENTIALS OF CHEMICAL PHYSIOLOGY. With 83 IIlustra- 


tions. 8vo., 45. 6d. net. 


HARE.—A COMMON HUMORAL FACTOR OF DISEASE. 


Being a Deductive Investigation into the Primary Causation, Meaning, Mechanism and 
Rational Treatment, Preventive and Curative, of the Paroxysmal Neurose (Migrains, 
Asthma, Epilepsy, ete.), Gout, High-blood Pressure, Circulatory, Renal and other 
Degenerations. By FRANCIS EVERARD HARE, M.D., late Consulting Physician to 
the Brisbane General Hospital; Visiting Physician to the Diamantina Hospital for 
Chronic Diseases, Brisbane. 


HILLIER.—THE PREVENTION OF CONSUMPTION. By ALFRED 
HILuieR, B.A., M.D., Secretary to the National Association for the Prevention of Con- 
sumption (England), Visiting Physician to the London Open-Air Sanatorium. Revised 
by Professor R. KocH. With rq Illustrations, Crown 8vo., 5s. net. 
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INQUIRY (AN) INTO THE PHENOMENA ATTENDING DEATH 
BY DROWNING AND THE MEANS OF PROMOTING RESUSCITATION 
IN THE APPARENTLY DROWNED. Report of a Committee appointed by the 


Royal Medical and Chirurgical Society. With 2 Diagrams and 26 folding-out Plates. 
8vo., 55. net. 


LANG.—THE METHODICAL EXAMINATION OF THE EYE. 
Being Part I. of a Guide to the Practice of Ophthalmology for Students and Practi- 


tioners. By WILLIAM LANG, F.R.C.S. Eng., Surgeon to the Royal London Ophthalmic 
Hospital, Moorfields, etc. With 15 Illustrations, Crown 8vo., 35. 6d, 


LUFF.—TEXT-BOOK OF FORENSIC MEDICINE AND TOXI- 
COLOGY. By ArTHuR P. Lurr, M.D., B.Sc. (Lond.), Physician in Charge of Out- 
Patients and Lecturer on Medical Jurisprudence and Toxicology in St. Mary’s Hospital. 


With 13 full-page Plates (x in colours) and 33 Illustrations in the Text. 2 vols. Crown 
8vo., 245. 


PAGET.—Edited by STEPHEN PAGET. 
SELECTED ESSAYS AND ADDRESSES. By Sir JAMES PAGET. 


8vo., 125. 6d, net, 


MEMOIRS AND LETTERS OF SIR JAMES PAGET, Barrt., 


F.R.S., D.C.L., late Sergeant-Surgeon to Her Majesty Queen Victoria. With Portrait. 
8vo., 65. net. 


PHILLIPS.— MATERIA MEDICA, PHARMACOLOGY AND 
THERAPEUTICS: Inorganic Substances, By CHARLES D. F. Puiuuips, M.D., 
LL.D., F.R.S. Edin., late Lecturer on Materia Medica and Therapeutics at the West- 
minster Hospital Medical School; late Examiner in the University of Edinburgh. 8vo., 2m5. 


POOLE.—COOKERY FOR THE DIABETIC... By W. H. and 
Mrs. PooLe. With Preface by Dr. PAvy. Fcap. 8vo., 25, 6d. 


PROBYVN-WILLIAMS.—A PRACTICAL GUIDE TO THE AD- 
MINISTRATION OF ANA®STHETICS. By R. J. PROoBYN-WILLIAMS, M.D., 
Anzesthetist and Instructor in Anzesthetics at the London Hospital; Lecturer in 
Aneesthetics at the London Hospital Medical College, etc. With 34 Illustrations. 
Crown 8vo., 45. 6d. net. 


QUAIN.—QUAIN’S (Sirk RicHarp) DICTIONARY OF MEDICINE. 
By Various Writers. Third Edition, Edited by H. MonTAGUE Murray, M.D., 
F.R.C.P., Joint Lecturer on Medicine, Charing Cross Medical School, and Physician, 
Charing Cross Hospital; assisted by JOHN HAROLD, M.B., B.Ch., B.A.O., Physician 
to St. John’s and St. Elizabeth’s Hospital; and W. CEecIL BosANqQuEt, M.A., M.D., 
F.R.C.P., Assistant Physician to Charing Cross Hospital, etc. With 21 Plates (14 in 
Colour) and numerous Illustrations in the Text. 8vo., 215, net, buckram ; or 3os, net, 
half-morocco. 
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QUAIN.—QUAIN’S (JONES) ELEMENTS OF ANATOMY. The 


Tenth Edition. Edited by EDWARD ALBERT SCHAFER, F.R.S., Professor of Physiology 
in the University of Edinburgh ; and GEORGE DANCER THANE, Professor of Anatomy 
in University College, London. 


Vou. I., PART I. EMBRYOLOGY. By| VoL. IIIl., PARTII. THE NERVES. By 


E. A. SCHAFER, F.R.S. With 200} G. D. THANE. With ro2 Tlustra- 
Illustrations. Royal 8vo., 9s. tions. Royal 8vo., 9s. 

Vou, I., Part I, GENERAL ANA- yoy. 111, Part III. THE ORGANS OF 
TOMY OR HISTOLOGY. By E. A. THE SENSES. By E. A. SCHAFER, 
SCHAFER, F.R.S; With 49r Illustra- F.R.S. With 178 Illustrations. Royal 


tions. Royal 8vo., 12s. 6d. 
VoL. II., Part I. OSTEOLOGY — | ; 
ARTHROLOGY. By G. D. THANE. VoL, III., Part IV. SPLANCHNO- 
With 224 Illustrations, Royal 8vo., 11s. | LOGY. By E. A. SCHAFER, ey 
and JOHNSON SYMINGTON, aD S 
Beant at cre ae) je With 337 Illustrations. Royal 8vo., 
With 199 Illustrations. Royal 8vo., 16s. 
16s. 


8vo., 95. 


APPENDIX: SUPERFICIAL AND SUR- 


VoL, IIl., PART I. THE SPINAL CORD | GICAL ANATOMY. _ By Professor 
AND BRAIN. By E. A. SCHAFER, G. D. THANE and Professor R. J. 
F.R.S. With 139 Illustrations. Royal | GODLEE, M.S. Witb 29 Illustrations. 
8vo., 125. 6d. Royal 8vo., 65. 6d. 


SCHAFER.—Works by E. A. SCHAFER, F.R.S., Professor of 
Physiology in the University of Edinburgh. 


THE ESSENTIALS OF HISTOLOGY: Descriptive and Practical. 


For the Use of Students. With 463 Illustrations. 8vo., gs. net. 


DIRECTIONS FOR CLASS WORK IN PRACTICAL PHYSIO- 
LOGY: Elementary Physiology of Muscle and Nerve and of the Vascular and 
Nervous Systems. With 48 Diagrams and 24 pages of plain paper at end for Notes. 
8vo., 35. net. 


SMALE and COLYER.—DISEASES AND INJURIES OF THE 
TEETH, including Pathology and Treatment. By MORTON SMALE, M.R.C.S., L.S.A., 
L.D.S., Dental Surgeon to St. Mary’s Hospital, Consulting Dental Surgeon, Dental 
Hospital of London, ete.; and J. F. CoLyER, L.R.C.P., M.R.C.S., L.D.S., Dental 
Surgeon to Charing Cross Hospital and to the Dental Hospital of London, Dean 
of the School, Dental Hospital of London. Second Edition, Revised and Enlarged 
by J. F. COLYER. With 640 Illustrations. Large crown 8vo., 215. net. 


SMITH (H. F.).—THE HANDBOOK FOR MIDWIVES. By 
HENRY FLY Situ, B.A., M.B. Oxon., M.R.C.S. 41 Woodcuts. Crown 8vo,, 55. 


STEVENSON.—WOUNDS IN WAR: the Mechanism of their Pro- 
duction and their Treatment. By Surgeon-General W. F. STEVENSON, C.B. (Army 
Medical Staff), B.A., M.B., M.Ch, Dublin University, Professor of Military Surgery, 
Royal Army Medical College, London. With 127 Illustrations. 8vo., 155, net. 


TAPPEINER.—INTRODUCTION TO CHEMICAL METHODS 
OF CLINICAL DIAGNOSIS. By Dr. H. TAPPEINER, Professor of Pharmacology 
and Principal of the Pharmacological Institute of the University of Munich. Translated 


by EDMOND J. MCWEENEY, M.A., M.D, (Royal Univ. of Ireland), L.R.C.P.I., ete. 
Crown 8vo., 35. 6d, 
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WALLER.—Works by AUGUSTUS D. WALLER, M.D., F.R.S., Hon. 
LL.D. Edin., Lecturer on Physiology at St. Mary’s Hospital Medical 
School, London; late External Examiner at the Victorian University. 
AN INTRODUCTION TO HUMAN PHYSIOLOGY. Third Edi- 
tion, Revised. With 314 Illustrations. 8vo., 18s. 
LECTURES ON PHYSIOLOGY. First Series. On Animal Electricity 


8vo., 55. net. 


WALLER:—EXERCISES IN PRACTICAL PHYSIOLOGY. By 
AuGusTUS D. WALLER, M.D., F.R.S. 

Part I. Elementary Physiological Chemistry. By Aucustus D. 
WALLER and W. LEGGE SYMEs. 8vo., sewed, 15, net. 

Part II. Exercises and Demonstrations in Chemical and Physical 
Physiology. By AuGusTtus D, WALLER and W. LEGGE SyMEs, With 42 Illus- 
trations. 8vo., 25. 6d, net. 

Part III. Physiology of the Nervous System, Electro-Physiology. By 


AucGustus D. WALLER. With 60 Illustrations. 8vo., 25. 6d. net. 


HEALTH AND HYGIENE. 


ASHB Y.—HEALTH IN THE NURSERY. By Henry Asusy, M.D., 
F,R.C.P. With 25 Illustrations. Crown 8vo., 35. net. 


ieUCks OV, SHEALTHA-IN . THE. HOUSE. ~ Byo.Mrs.< G.- M. 


BuckTON. With 41 Woodcuts and Diagrams, Crown 8vo., 2s. 


CORFIELD.—THE LAWS OF HEALTH. By W. H. CorFiELp, 
M.A., M.D. Fep. 8vo., 1s. 6d. 


FURNE A UOX.— ELEMENTARY PRACTICAL HYGIENE.— 
Section I. By WILLIAM S. FURNEAUX. With 146 Illustrations. Cr. 8vo., 25. 6d. 
NOTTER anv FIRTH.—Works by J. L. NOTTER, M.A., M.D., and 
Ree beer PR: CS: 
HYGIENE. With g5 Illustrations. Crown 8vo., 35. 6d. 
PRACTICAL DOMESTIC HYGIENE. With 83 Illustrations. 
Crown 8vo., 25. 6d. ; 
POORE.—Works by GEORGE VIVIAN POORE, M.D. 


ESSAYS ON RURAL HYGIENE. With 12 Illustrations. Crown 
8vo., 65. 6d. 
THE DWELLING-HOUSE. With 36 Illustrations. Crown 8vo., 


35. 6d. 3 

COLONIAL AND CAMP SANITATION. With 11 Illustrations. 
Crown 8vo., 25. net. 

THE EARTH IN RELATION TO THE PRESERVATION AND: 
DESTRUCTION OF CONTAGIA: being the Milroy Lectures delivered at the 
Royal College of Physicians in 1899, together with other Papers on Sanitation. 
With 13 Illustrations, Crown 8vo., 55. 


WILSON.—A MANUAL OF HEALTH-SCIENCE. By ANDREW 
WILsOoN, F.R.S.E., F.L.S., etc. Witb 74 Illustrations. Crown 8vo., 25. 61. 
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VETERINARY MEDICINE, ETC. 
FITZW VGRAM.—HORSES AND. STABLES. By Lieut.-General Sir 


F, FITzwyGRAM, Bart. With 56 pages of Illustrations. 8vo., 35. net. 


HAYVES—TRAINING AND HORSE MANAGEMENT IN INDIA, 
with Hindustanee Vocabulary. By M. HorAce HAYES, F.R.C.V.S. (late Captain 
‘The Buffs’). Crown 8vo. 


STEEL.—Works by JOHN HENRY STEEL, F.R.C.V.S., F.ZS., 
A.V.D., late Professor of Veterinary Science and Principal of Bombay 
Veterinary College. 


A TREATISE ON THE DISEASES OF THE DOG; being a 
Manual of Canine Pathology. Especially adapted for the use of Veterinary 
Practitioners and Students. With 88 Illustrations. 8vo., tos. 6d. 


A TREATISE ON THE DISEASES OF THE OX; being a 
Manual of Bovine Pathology. Especially adapted for the use of Veterinary 
Practitioners and Students. With 2 Plates and 117 Woodcuts. 8vo., 155. 


A TREATISE ON THE DISEASES OF THE SHEEP; being a 
a Manual of Ovine Pathology for the use of Veterinary Practitioners and Students, 
With Coloured Plate and 99 Woodcuts. 8vo., 12s. 


YOUA TT.—Works by WILLIAM YOUATT. 
THE HORSE. With 52 Wood Engravings. 8vo., 75. 62 
THE DOG. With 33 Wood Engravings. $8vo., 6s. 


PHYSIOLOGY, BIOLOGY, ZOOLOGY, ETC: 
(And see MEDICINE AND SURGERY, page 20.) 
ASHBY. NOTES ON PHYSIOLOGY FOR THE” USE On 
STUDENTS PREPARING FOR EXAMINATION. By HENRY AsHBY, M.D. 


Lond.,. F.R.C.P., Physician to the General Hospital for Sick Children, Manchester. 
With 148 Illustrations. 18mo., 55. 


BARNETT.—THE MAKING OF THE BODY: a Children’s Book 
on Anatomy and Physiology. By Mrs. S. A. BARNETT. With 1r3 Illustrations, 
Crown 8vo., Is. 9d. 


BEDDARD.— ELEMENTARY PRACTICAL ZOOLOGY. By 


FRANK E, BEDDARD, M.A, Oxon. With 93 Illustrations. Crown 8vo., 25. 6d. 


BIDGOOD.—A COURSE OF PRACTICAL ELEMENTARY BIO- 
LOGY. By JOHN BipGoop, B.Sc., F.L.S. With 226 Illustrations. Crown 8vo., 4s. 6d. 


BOSE.—RESPONSE IN THE LIVING AND NON-LIVING. By 
JAGADIS CHUNDER Bosg, M.A. (Cantab.), D.Sc. (Lond.), Professor, Presidency 
College, Calcutta. With 117 Illustrations. 8vo., ros. 6d. 


BRODIE.—THE. ESSENTIALS OF EXPERIMENTAL PHYSIO- 
LOGY. For the Use of Students. By T. G. BRopiE, M.D., Lecturer on Physiology, 


Sa nS Hospital Medical School, With 2 Plates and 177 Illustrations in the Text. 
vo., 65, 6d. 
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PHYSIOLOGY, BIOLOGY, ZOOLOGY, ETC.—Gniinued. 


CHAPMAN.—THE FORAMINIFERA: An Introduction to the Study 
of the Protozoa, By FREDERICK CHAPMAN, A.L.S., F.R.M.S. With 14 Plates 
and 42 Illustrations in the Text. 8vo., gs. net. 


FURNEAUX.—HUMAN PHYSIOLOGY. By W. FuRNEAUX, 
F.R.G.S. With 218 Illustrations. Crown 8vo., 25. 6d. 


HUDSON avv GOSSE.—THE ROTIFERA, or ‘WHEEL-ANIMA- 
CULES’. By C. T. Hupson, LL.D., and P. H. Gosse, F.R.S. With 30 Coloured 
and 4 Uncoloured Plates. In 6 Parts. 4to., ros. 6d, each. Supplement 12s. 6d, 
Complete in 2 vols., with Supplement, 4to., £4 4s. 


LLOVD.—THE TEACHING OF BIOLOGY IN THE SECONDARY 
SCHOOL. By Francis E. Luoyp, A.M. and MAurRIcE A. BIGELOw, Ph.D., Pro- 
fessors in Teachers College, Columbia University. Crown 8vo., 6s. net. 


MACALISTER.—Works by ALEXANDER MACALISTER, M.D. 


AN INTRODUCTION TO THE SYSTEMATIC ZOOLOGY AND 
MORPHOLOGY OF VERTEBRATE ANIMALS. With 41 Diagrams. 8vo., 10s. 6d. 


ZOOLOGY OF THE INVERTEBRATE ANIMALS. With 77 
Diagrams. Fcp. 8vo., Is. 6d. 


ZOOLOGY OF THE VERTEBRATE ANIMALS. With sg Diagrams. 
Fep. 8vo., 15. 67, 


MACDOUGAL.—Works by DANIEL TREMBLY MACDOUGAL, 
Ph.D., Director of the Laboratories of the New York Botanical Garden. 
PRACTICAL TEXT-BOOK OF PLANT PHYSIOLOGY. With 159 


Illustrations. 8vo., 75. 6d. net. 


ELEMENTARY PLANT PHYSIOLOGY. With 108 Illustrations. 


Crown 8vo., 35. 


MORGAN.—ANIMAL BIOLOGY: an Elementary Text-Book. By 
C. LLoyp MorGAN, F.R.S., Principal of University College, Bristol, With ro3 Illustra- 
tions. Crown 8vo., 8s. 6d. 


SCHAFER.—DIRECTIONS FOR CLASS WORK IN PRACTICAL 


PHYSIOLOGY : Elementary Physiology of Muscle and Nerve and of the Vascular and 
Nervous Systems. By E. A. SCHAFER, LL.D., F.R.S., Professor of Physiology in the 
University of Edinburgh, With 48 Diagrams. 8vo., 35. net. 


THORNTON.—Works by JOHN THORNTON, M.A. 
HUMAN PHYSIOLOGY. With 284 Illustrations, some coloured. 


Crown 8vo., 6s. 


ELEMENTARY BIOLOGY, Descriptive and Experimental. With 


numerous Illustrations. Crown 8vo., 35. 6d. 


ELEMENTARY PRACTICAL PHYSIOLOGY. With 178 Illustra- 


tions (6 of which are Coloured). Crown 8vo., 35, 6d, 
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BACTERIOLOGY. 


CURTIS.—THE ESSENTIALS OF PRACTICAL~ BACTERI- 
OLOGY: An Elementary Laboratory Book for Students and Practitioners. By H. J- 
Curtis, B.S. and M.D. (Lond.), F.R.C.S. | With 133 Illustrations. 8vo., 9s. 


DHINGRA.—ELEMENTARY BACTERIOLOGY. By M. L. 
DHINGRA, M.D., C.M. Edin., Diplomate in State Medicine, University of Cambridge, 
etc. With Coloured Frontispiece and 26 Illustrations in the Text. Crown 8vo., 35. net. 


FRANKLAND.— MICRO-ORGANISMS IN WATER. _ Together 


with an Account of the Bacteriological Methods involved in their Investigation. 
Specially designed for the use of those connected with the Sanitary Aspects of Water- 
Supply.. By PERCY FRANKLAND, Ph.D., B.Sc. (Lond.), F.R.S., and Mrs. PERCY 
FRANKLAND. With 2 Plates and Numerous Diagrains. 8vo., 165,-net. 


FRANKLAND.—BACTERIA IN DAILY LIFE. By Mrs. PERc¥ 


FRANKLAND, F.R.M.S. Crown 8vo., 55. net. 


GOADB Y.—THE MYCOLOGY OF THE MOUTH: A Text-Book 
of Oral Bacteria. By KENNETH W. GOADBY, L.D.S. Eng., ete. ; Bacteriologist and 
Lecturer on Bacteriology, National Dental Hospital, etc. With 82 Illustrations. 
8vo., 85. 6d. net. 


KLOCKER.—FERMENTATION ORGANISMS: a Laboratory Hand- 


book. By ALB. KLOCKER, Translated by G. E. ALLAN, B.Sc., Lecturer in the University 
of Birmingham, and J. H. MILuAr, F.I.C., formerly Lecturer in the British School of 
Malting and Brewing, and Revised by the Author. With 146 Illustrations. 8vo., 
12s, net. 


PLIMMER.—THE CHEMICAL CHANGES AND PRODUCTS 
RESULTING FROM FERMENTATION. By R. H. ADERS PLIMMER, D.Sc., 
Lond., Grocers’ Research Student, Jenner Institute of Preventive Medicine. 8vo., 
6s. net. 


BOTANY. 
AITKEN. —ELEMENTARY TEXT-BOOK OF BOTANY., By 


es AITKEN, late Scholar of Girton College. With 400 Diagrams. Crown 8vo., 
45. Oa. 


BENNETT anv MURRA Y.—HANDBOOK OF CRYPTOGAMIC 
BOTANY. By ALFRED W. BEXNETT, M.A., B.Sc., F.L.S., Lecturer on Botany at 
St. Thomas’s Hospital; and GEORGE Murray, F.L.S., Keeper of Botany, British 
Museum. With 378 Illustrations. 8vo., 165. 


CROSS avo BEVAN.—Works by C. F. CROSS, E. J. BEVAN and 
C. BEADT En 


CELLULOSE: an Outline of the Chemistry of the Structural Elements 


of Plants. With Reference to their Natural History and Industrial Uses. With 
14 Plates. Crown 8vo., 125. net. 


RESEARCHES ON CELLULOSE, 1895-1900. Cr. 8vo., 6s. net. 
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BOTAN Y— Continued. 


LDMONDS.— Works by HENRY EDMONDS, B.Sc., London. 
_ ELEMENTARY BOTANY. With 341 Illustrations. Cr. 8vo., 25. 6d: 


Bes aNY FOR BEGINNERS. With 85 Illustrations. Fep. 8vo., 
IS. . 


-FARMER.—A PRACTICAL INTRODUCTION TO THE STUDY 
OF BOTANY: Flowering Plants. By J. BRETLAND FARMER, D.Sc., F.R.S., M.A., 


Professor of Botany in the Royal College of Science, London. With 121 Illustrations. 
Crown 8vo., 25. 6d. 


HENSLOW.—SOUTH AFRICAN FLOWERING PLANTS: For 
the Use of Beginners, Students and Teachers. By the Rev. Professor G. HENSLOwW, 
M.A., F.L.S., F.G.S., etc. With rre2 Illustrations. Cr. 8vo., 55 


HOFFMANN.—ALPINE FLORA: for Tourists and Amateur Botanists. 
By Dr. JULIUS HOFFMANN. Translated by E. S. BARTON (Mrs. A. GEPP). With 
40 Plates, containing 250 Coloured Figures, from Water-Colour Sketches by HERMANN 


FRIESE. With Text descriptive of the most widely distributed and attractive of Alpine 
Plants. 8vo., 75. 6d. net. 


KITCHE NER.—A YEAR’S BOTANY. Adapted to Home and School 


Use. By FRANCES A, KITCHENER. With 195 Illustrations. Cr. 8vo., 5s. 


LINDLEY anv MOORE.— THE TREASURY OF BOTANY. 
Edited by J. LINDLEY, M.D., F.R.S., and T. Moore, F.L.S. With 20 Steel Plates 
and numerous Woodcuts. Two parts. Fep. 8vo., ras. 


AfcNA B.— CLASS-BOOK OF BOTANY. In two Parts. By W. R. 


McNAB. 
MORPHOLOGY AND PHYSIOLOGY, | CLASSIFICATION OF PLANTS. With 
With 42 Diagrams. Fep. 8vo., 15. 6d. | 118 Diagrams. Fecp. 8vc. is. 6d. 


SORA VER.—A POPULAR TREATISE ON THE PHYSIOLOGY 
OF PLANTS. By Dr. PAUL SORAUER. Translated by F. E. WEISS, B.Sc., F.L.S, 
With 33 Illustrations. 8vo., gs. net. 


THOME avo BENNETT.—STRUCTURAL AND PHYSIOLOGI. 
CAL BOTANY. By Otro WILHELM THOME and by ALFRED W. BENNETT 
B.Sc., F.L.S. With Coloured Map and 600 Woodcuts. Crown 8vo., 65. 


TUBEUF—DISEASES OF PLANTS INDUCED BY CRYPTO- 
‘GAMIC PARASITES. Introduction to the Study of Pathogenic Fungi, Slime Fungi, 
Bacteria and Algz. By Dr. KARL FREIHERR VON TUBEUF, Privatdocent in the 
University of Munich. English Edition by WILLIAM G. SMITH, B.Sc., Ph, D., Lecturer 
on Plant Physiology, University of Edinburgh. With 330 Illustrations, Royal 8vo., 
18s, net. 


IVATTS.—A SCHOOL FLORA. For the use of Elementary Botanical 
, Classes. By W. MARSHALL WaTTS, D.Sc. Lond. Crown 8vo., 25. 6d. 
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AGRICULTURE AND GARDENING. 
ADD YMAN.—AGRICULTURAL ANALYSIS. A Manual of Quanti- 


tative Analysis for Students of Agriculture. By FRANK T. ADDYMAN, B.Sc. (Lond.) 
F.I.C. With 49 Illustrations. Crown 8vo., 55. net. 


COLEMAN sawn ADDYMAN.—PRACTICAL AGRICULTURAL 
CHEMISTRY. By J. BERNARD COLEMAN, A.R.C,.Sc., F.LC., and FRANK Ty 
ADDYMAN, B,Sc. (Lond.), F.I.C. With 24 Illustrations. Crown 8vo., 1s. 6. net. 


HAGGARD.—Works by H. RIDER HAGGARD. 
A FARMER’S YEAR: being his Commonplace Book for 1898. With 


36 Illustrations by G. LEON LITTLE and three others. Crown 8vo., 75. 6d, net. 


A GARDENER’S YEAR. With 26 Illustrations. 8vo., 125. 6d. net. 
RURAL ENGLAND: being an Account of Agricultural and Social 


Researches carried out in the years 1901 and 1902. With 23 Agricultural Maps and 
75 Illustrations from Photographs. 2 vols. 8vyo., 365. net. 


HOFFMANN.— THE AMATEUR GARDENER’S ROSE BOOK. 
By Dr. JuLtus HOFFMANN. ‘Translated from the German by JOHN WEATHERS, 
F.R.H.S., N.R.S., author of ‘‘A Practical Guide to Garden Plants,’’ ete. With 20 


Coloured Plates from Drawings by HERMANN FRIESE, and 16 Woodcuts. 6vo., 
7s. 6d. met. 


JEK VLL.—Works by GERTRUDE JEKYLL. 


HOME AND GARDEN: Notes and Thoughts, Practical and Critical, 
of a Worker in both. With 53 Illustrations from Photographs. 8vo., 10s. 6d. net. 


WOOD AND GARDEN: Notes and Thoughts, Practical and Critical, 
of a Working Amateur. With 71 Photographs. 8vo., ros. 6d. net. 


WEATHERS.—A PRACTICAL GUIDE TO GARDEN PLANTS. 
Containing Descriptions of the Hardiest and most Beautiful Annuals and Biennials, 
Hardy Herbaceous and Bulbous Perennials, Hardy Water and Bog Plants, Flowering 
and Ornamental Trees and Shrubs, Conifers, Hardy Ferns, Hardy Bamboos and other 
Ornamental Grasses; and also the best kinds of Fruit and Vegetables that may be 
grown in the Open Air in the British Islands, with Full and Practica] Instructions as to 
Culture and Propagation. By JOHN WEATHERS, F.R.H.S., late Assistant Secretary 


to the Royal Horticultural Society, formerly of the Royal Gardens, Kew, ete. With 
163 Diagrams. 8vo., 215. net. 


WEBBSB.—Works by HENRY J. WEBB, Ph.D., B.Sc. (Lond.). 
ELEMENTARY AGRICULTURE. A Text-Book specially adapted 


to the requirements of the Board of Education, the Junior Examination of the Royal 


Agricultural Society, and other Elementary Examinations, With 34 Illustrations. 
Crown 8vo., 25, 6d. 


AGRICULTURE. A Manual for Advanced Science Students. With 


too Illustrations. Crown 8vo,, 75. 6d. net. 
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WORKS BY JOHN TYNDALL, D.C.L., LL.D., F.R.S. 
LECTURES ON SOUND. With Frontispiece of Fog-Syren, and 203 


other Woodcuts and Diagrams in the Text. Crown 8vo., ros. 6d. 


HEAT, A MODE OF MOTION. With 125 Woodcuts and Diagrams. 


Crown 8vo., 12s. 


LECTURES ON LIGHT DELIVERED IN THE UNITED STATES 


IN 1872 AND 1873. With Portrait, Lithographic Plate, and 59 Diagrams. Crown 
8vo., 55. 


FRAGMENTS OF SCIENCE: a Series of Detached Essays, Addresses, 
and Reviews. 2 vols. Crown 8vo., 16s, 


Vol. I.—The Constitution of Nature—Radiation—On Radiant Heat in Relation to the Colour and 
Chemical Constitution of Bodies—New Chemical Reactions produced by Light—On Dust and 
Disease—Voyage to Algeria to observe the Eclipse—Niagara—The Parallel Roads of Glen 
Roy—Alpine Sculpture—Recent Experiments on Fog-Signals—On the Study of Physics—On 
Crystalline and Slaty Cleavage—On Para magnetic and Diamagnetic Forces—Physical Basis 
of Solar Chemistry—Elementary Magnetism—On Force—Contributions to Molecular Physics 
—Life and Letters of FarapAy—The Copley Medallist of 187-—The Copley Medallist of 1871 
—Death by Lightning—Science and the Spirits. 


Vol. I1.—Reflections on Prayer and Natural Law—Miracles and Special Providences—On Prayer as 
4 a Form of Physical Energy—Vitality—Matter and Force—Scientific Materialism—An Address 
to Students—Scientific Use of the Imagination—The Belfast Address—Apology tor the Belfast 
Address—The Rev. James Martineau and the Belfast Address—Fermentation, and its Bearings 
on Surgery and Medicine—Spontaneous Generation—Science and Man—Professor VircHow 
and Evolution—The Electric Light. 


NEW FRAGMENTS. Crown 8vo., ros. 6d. 


ConTENTS.—The Sabbath—Goethe’s ‘ Farbenlehre’—Atoms, Molecules, and Ether Waves—Count 
Rumford—Louis Pasteur, his Life and Labours—The Rainbow and its Congeners— Address delivered 
at the Birkbeck Institution on October 22, 1884—Thomas Young—Life in the Alps—About Common 
Water—Personal Recollections of Thomas Carlyle—On Unveiling the Statue of Thomas Carlyle—On 
the Origin, Propagation, and Prevention of Phthisis—Old Alpine Jottings—A Morning on Alp Lusgen. 


ESSAYS ON THE FLOATING MATTER OF THE AIR IN 
RELATION TO PUTREFACTION AND INFECTION. With 24 Woodciuts, 
Crown 8yo., 75. 6d. 


RESEARCHES ON DIAMAGNETISM AND MAGNECRYSTALLIC 


ACTION;; including the Question of Diamagnetic Polarity. Crown 8vo., ras. 


NOTES OF A COURSE OF NINE LECTURES ON LIGHT, 


delivered at the Royal Institution of Great Britain, 1869. Crown 8vo., 15, 6d. 


NOTES OF A COURSE OF SEVEN LECTURES ON ELECTRI- 
CAL PHENOMENA AND THEORIES, delivered at the Royal Institution of Great 
Britain, 1870. Crown 8vo., 15. 6d. 


| LESSONS IN ELECTRICITY AT THE ROYAL INSTITUTION, 
a 1875-1876. With 58 Woodcuts and Diagrams. Crown 8yo., 25. 6d. 


THE GLACIERS OF THE ALPS: being a Narrative of Excursions 


and Ascents, An Account of the Origin and Phenomena of Glaciers, and an Exposition 
of the Physical Principles to which they are related. With 7 Illustrations, Crown 


Z 8vo., 6s. 6d. net. 
HOURS OF EXERCISE IN THE ALPS. With 7 Illustrations, 


‘ ’ Crown 8vo., 6s. 6d. net. 


‘FARADAY AS A DISCOVERER. Crown 8vo., 35. 6d. 
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